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Ellay 11, 1909. 

Prof. E. A. MIXCHIN, M.A., ‘Vice-president, 
in the Chair. 

Mi.. R. H. Burne, M.A., F.Z.S., exhibited a series of specimens, 
from the Museum of the Royal College of Surgeons, of adaptive 
structures for the respiration of air in some Aquatic Invertebrates 
and tropical Freshwater Fishes. 

Mr. R. I. Pocock, F.L.S., F.Z.S., the Superintendent of the  
Gardens, exhibited the skin of R Monkey, representing a well- 
marked undescribed local race of Cercopithecus taiatal~cs, which he 
proposed to nnme Cercopithecus tantalus alexandri in honour of 
Capt. Boyd Alexander, F.Z.S., who had brought the specimen 
from Lake Chad and presented it t o  the Society. H e  said :- 
“The  colour of the upper side of this specimen is speckled 
greyish green, the coloured annuli in the hairs being less green 
than is usually the case in Nigerian examples of C. tantalus, but 
as in the latter i t  becomes richer on the crown of the head ; the 
face is wholly black and the white brow-band is well marked. The 
whiskers, however, are very long, as in C. cethiops of Abyssinia 
and the Upper Nile ; but instead of being wholly white, as in 
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that species, the hairs are slightly stained with yellow and very 
indistinctly speckled apically. Owing to the whiteness of the 
whiskers the brow-band is not so sharply defined at its extremities 
as in typical C. tantalus, where the whiskers are not only much 
shorter but are markedly stained with yellow almost throughout 
their length. The hairs of the sides of the neck are also long and 
mostly white, but towards the apex yellowish and speckled with 
black. On the arm and leg the greenish tint dies out of the 
hairs well above the elbow and knee, and it only extends for a short 
distance upon the root of the tail ; the rest of the arms and legs, 
the hands and feet, and the upper side of the tail being grey. As 
in typical C. tantalus, the inner sides of the limbs, the under 
side of the body and of the tail are white, with a patch of rusty 
hairs upon the pubic region ; and, as in C. tantdus tantcclus and 
C. aethiops, there is a conspicuous tuft of whitish hair on each side 
a t  the base of the tail above the ischial callosity. 

“Although the length and whiteness of the whiskers give 
this monkey a striking superficial resemblance to C. cethiope, it 
appears, as might be expected from its locality, to be most nearly 
allied to C. tantcdw, being at  once distinguishable from C. aethiops 
by the absence of white hairs from the lips and chin. Never- 
theless, it is in a measure intermediate between the two species, 
and to a great extent justifies my surmise (P. Z .  S. 1907, p. 733) 
that the two will be found to intergrade. 

“ C. tantalus is now known to be represented by three races ; 
namely, the typical C. tantalus tantcclus from Nigeria, C. tantalus 
dexcsndri from Lake Chad, and C. tantalzm budgetti* from 
Bathyaba on the eastern shore of Lake Albert in Uganda. The 
last-mentioned differs from the others in having the whiskers 
much more decidedly speckled, and in the large size of the red 
patch and the more fiery colour of its hairs on the pubic area.” 

Mr. W. F. H. Rosenberg, F.Z.S., exhibited a Rook in which 
the upper mandible had overgrown the lower to a remarkable 
extent. This abnormality had evidently been caused by an injury 
to the tip of the lower mandible having deprived the upper one 
of the opposing surface necessary to check its growth. 

The bird was shot by Mr. Percy I. Lathy, F.Z.S., F.E.S., on 
February 7th, 1909, a t  Nazeing, Essex. Mr. Lathy shot it out 
of a flock, and did not notice anything peculiar till he picked the 
bird up. The bird was in good condition, 60 that it could not 
have had the difficulty in feeding which one might have expected 
from the excessive prolongation of the upper mandible. 

Length of upper mandible 70 mm. ; length of lower mandible 
51 mm. Normal length of upper mandible 55 mm. 

Pocock, P. 2. S. 1907, p. 733. 
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The following papers were read :- 

1. Contributions to the Study of the Equide ; i. The 
Differentiation of the Three Species of ,Zebras. By 
Prof. WILLIAM RIDGEWAY, MA., SC.~) . ,  F.B.A., 
LL.D., Litt.D.* 

[Received April 21, 1009.1 

(Text-figures 140-155.) 

I propose to describe ten skins of Zebras from British East 
Africa, the interest of which consists partly in the fact that they 
were all shot expressly for me, and that an exact record of the 
locality and the altitude was kept in each cam. They have thus 
a far higher scientific value than the ordinary specimens in our 
museums, which have for the most part been obtained from 
sportsmen or traders, who could give no accurate information 
regarding the provenance of the specimens. I must express my 
gratitude to the Rt. Hon. Alfred Lyttelton, E.C., M.P., who 
when Secretary of State for the Colonies authorised the offichls 
of British East Africa to assist me in obtaining zebra skim, and 
to my friend, Mr. C. W. Hobley, C.M.G., Assistant-Commissionp 
at Nairobi, who kindly undertook to see that the instructions of 
the Secretary of State were carried out, and on whom devolved 
all the trouble of packing and despatching the specimens. 

But the skins have a further value, since they demonstrate 
that the individuals of the same species vary in coloration from 
locality to locality, and that it is useless attempting to make 
species or subspecies out of animals which are mere local varietiee. 
Finally, we may reason from what these skins demonstmite as 
taking place in a given area that the same differentiation has 
taken place in the coloration of all the Equide from Northern 
Europe and Asia down to Cape Colony, a lesson which applies 
qually to the whole animal kingdom, man included. 

Zoolo,qists aro generally agreed that all existing Zebras fall into 
three main species:-Equua zebra, or the Mountain Zebra,!formerly 
very abundant in  Cape Colony, E. burchlli, and E. grevyi, though 
Dr. Matschie treats as true species certain varieties of the 
Burchell family. Mr. Pocock has shown that all the varieties of 
the Burchell Zebra seem to shade off into the better marked 
specimens of the now extinct Quagga of Cape Colony, whilst 
Prof. Ewart has shown that a bridge can be found between the 
Mountain Zebra and the Burchelline family, through Crawshay’s 
variety of the latter. 

The chief characteristics of the three species may be briefly 
enumerated. 

The splendid G r h y  Zebra,found in Somaliland, Shm, and 

* Commuuicatd by Dr. P. CEALMEEB MITCHELL, M.A., F.R.S., F.Z.S. 
38* 
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Text-fig. 140. 

[May 11, 

Gr6vy &bra (E.  grkqyi).  

Text-fig. 141. 

--, 
Tlw BIoiintaiii Zebra (E. z e b m ) .  
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British Enst Africa as far south as the River Tan% is oovered 
with narrow stripes (text-iig. lCO), and its e&1~1 are more ass-like 
than those of the other two species, though ib feet w e  mare like 
those of the horse. I n  many specimens there am Rmall stripes 
coming out from the dorm1 stripe over the croup, but bhere are 
distinct variations in coloration between the Somali, Shoa, and 
British East Africa specimens. 

The Mountain Zebra (text-fig. 141) is also striped all over its 
body and legs, but the stripes on the haunches differ completely 
from those of the Grbvy species, whilst a chief characteristic is 
the small stripes on its croup termed its “gridiron.” 

Text-fig. 142. 

Ward’s Zebra (Baringo). 

In a skin procured from Mr. Rowland Ward, Prof. Ewart found 
an animal almost the same as the South African Mountain Zebra, 
which he named Ward’a Zebra. There is some doubt as regads 
the provenmce of this skin. It first appmrecl to have come from 
Somaliland, but I embodied in my ‘ Origin and Influence of the 
Thoroughbred Horse’ (p. 508) a note from Prof. Ewart stating 
that it came from the Lombori Hills, which form the southern 
edge of tho Naivashn Plateau near the UgRndtt Railway in 
British Enst Africa. Of its provenatice I will say more later on. 
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My illustration (text-fig. 142, p. 549), by the kind permission of 
Messrs. Rowland Ward & Go. and of Mr. R. Lydekker, F.R.S., is 
from the latter’s ‘ The Game Animals of Africa,’ fig. 23, p. 65. 

I n  the Burchelline group the enlargement of the stripes seen 
on the haunches of the Mountain Zebra is found all Over the body. 
The stripes are far larger and fewer in number, whilst in many 
varieties shadow stripes are seen, the vestiges of the closer 
striping still surviving in the Gr6vy and Mountain species. 

Text-fig. 143. 

E. burchelli (vnr. granti). 

The most northerly variety of this species is Grant’s Zebra 
(text-fig. 143) found all over East Equatorial Africa. As we 
advance aouthwards we find it shading off into Chapman’s variety 
found in the Transvaal, in which the legs are no longer striped 
down to the hoof (text-fig. 144), whilst in the typical Burchell 
Zebra or Bonte Quagga of the Orange River Colony the legs and 
the under surface of the body are free from stripes (text- 
fig. 145, p. 552). 
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The Crawshay variety of the Burchell Zebra found in Nyassa- 
land, so far as colour is concerned, as Prof. Ewart has pointed 
out, is the bridge between the Burchell and Mountain Zebras, as 
it has black stripes close together, and small stripes on the croup, 
resembling the ‘‘ gridiron ” of the Mountain Zebra and recalling 
the small stripes in some G r b y  Zebras. 

Text-fig. 144. 

E. hurchelli (Cliapmnii’x rarietp). 

It is now universally held that in the Grbvy Zebra we have 
the oldest type of coloration of t,he Zebra family, though I have 
argued elsewhere against the doctrine formerly held that in its 
skin we have the primeval livery of the ancestor of all the 
Equids. I n  coloration at least the other two species are more 
recent than the Grevy. 

I here figure ten skins, two of Grevy’s Zebra, and eight of 
Text-figs. 146 & 147 show the Grant’s variety of E. burchelli. 
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akins of a male and a female Grevy Zebra shot by the late 
Mr. A. H. Neumann at Euaso Nyiro at an altitude of 3000 ft.  
Both specimens lack the ma11 s t r i p  commonly found in spsci- 
mens from Semaliland and Shm, and which correspond to the 
‘‘gridiron ” of the Mountain Zebra. Text-%. 148 & 149 show the 
skins of a male and a female of Grant’s variety from Baringo 
(3000 ft.). The former shows faint, the latter more marked 
vestiges of the croup or ‘‘ gridiron ’’ stripes, thus showing a slight 
approximation in colouriry: t o  %he Gr&y and Mountain Zebras. 

Text-fig. 145. 

E. burclielli (I3ristol). 

Text-figs. 150 9: 151 exhibit two skim (male) from Laikipia 
(5800 ft.). Text-+s. 152 9: 153 give the skins of (t male and a 
female from Uasingishu (6500 ft.). Next comes that of a male 
from Kinolop (7500 ft.), whilst text-fig. 155 is that of a male 
from the north end of the Aberclare Range (8000 ft.). The last 
has longer hair than the rest. The variation in the skins from 
different localities and nltitucles is obvious. This is jn accord 
with the testimony of that excellent ohseilier, Mr. A. H. Neumann, 
who (‘ Elephant-hunting in East Equatorial Africa,’ p. 372) 
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notes in reference to a zebra shot in one locality that “ d o n g  its 
back were spots or blotches inetead of distinct stripes,” and he 
remarks that there are many local varieties of the same species 
H e  told me also that in the area just referred to, all the G~ant’s 
Zebras he met had this blotching on the back. I n  this respect 
they seem to resemble my two skins from Baringo. 

Text-fig. 146. 

(i&y Zebra (male); Ehnso Nyiro (3000 ft.). 

Can we discover the legion where the differentiation of all three 
species pnclually took place? It ought to be where all three 
hpecies once overlapped or still overlap. This would rule out South 
Africa, for no animal of the Grevy type has ever been found in 
those latitudes. Brit in the northern part of British East Africa 
in the region round Lake Rudolph and Lnke Baringo the Grevy and 
Burchelline Zebras are found overlapping as far south as the Tnna 
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River, below which the  Grevy species, as is stated by Mr. A. H. 
Neumann, does not occur. On the other hand the Burchell type is 
never found in Somaliland or Shoa, where the Gr6vy species seems 
to  be the sole zebra, and where its nearest neighbours are the 
Somali and the Abyssinian Astes. It thus extends further up than 
the other zebras in North-east Africa. But in the region round 

Text-fig. 147. 

Ur6v.g Zebra (female) ; Euaso Syiro  ( X O U  ft.). 

Lake Baringo where the Gr6vy Zebra overlaps the  Burchelline, 
at least one specimen of the latter is known to possess a functional 
premolar, a feature common in Gr6vy Zebms, and a peculiarity 
which is a survival from Pliocene forms such as E. sivcdensis of 
India and E. staiconis of North Africa and Southern Europe. 

Two of my skins (text-figs. 148 & 149), both from animals shot 
at Lake Baringo, have small stripes or spots indicating vestiges 
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of such small stripes as those found on the croup of Crawshay’s 
Zebra from Nyassaland, and which resemble the small stripes 
on the croup of many Gr6vy Zebras and the ‘‘ gridiron ” of the 
Mountain Zebra. 

Text-fig. 148. 

Grant’s Zebra (male) ; Baringo (3000 ft.). 

Thus a t  Lake Baringo we have a point of contact between tlie 
Grevy and the Burchelline Zebras, not only in coloration but-in 
osteolo,T. Now if we could find a zebra of the Mountain type in 
that same area we might not unreasonably infer that in this 
region we have the point from which the various species of zebras 
had radiated. 
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I have not been as yet able .to get a specimen of Ward’s Zebra 
from this area. But, on the other hand, Mr. C. W. Etobley not 
long since wrote to me the substance of a conve.ensation which he 
had with Lord Delamere, the well-known big-game shooter. mhe 
latter told Mr. Hobley that he had sent home to Mr. Rowland 

Text-fig. 149. 

Grant’s Zebra (female) ; Hnringo (3000 ft.). 

Ward the skin of a zebra, which some one had named after 
Mr. Warcl. This animal Lord Delamere saicl he had shot at 
Baringo. W e  have thus at last got the true provenrtnce of this 
very important specimen from the mouth of the  sportsman who 
shot it. 
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But as Ward‘s Zebra is virtually the Mountain Zebra only locally 
vsuied, I submh that it v n ~  in the northern part of British East 
Africa that the differentiation of the three species, not only in 
aolour, but also in o&teology, had begun. 

Text-fig. 150. 

Chwit’s Zebra (male) : Laikipia (5800 ft.). 

I n  this area there are lofty mountains, elevated plateaus and 
low-lying swamps, as well as hill country with abundance of 
gmsy patches in it. Is it to these different types of country that, 
the differentiation in types may be due ? 
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I had remarked in reading Mr. A. H. Neumann’s excellent 
book, ‘ Elephant - hunting in Equatori:il East Africa,’ that  
although both Grevy and Biirchelline Zebras are found in the 
same country and not uufrequently together. yet on the whole 

Text-fig. 151. 

Grnnt’s Zebra (male) ; Laikipia (6800 ft.). 

Grevy Zebras live in low-lying grounds with a thin vegetation of 
prickly shrubs, whilst the Hurclielline species live8 commonly at a 
higher elevation and where there is more bush and richer pasture. 
Rut on the mountains and plateaus of this area the conditions 
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are inuch the smie as in the mountainous regions of South Africa, 
where the Mountain Zebra was formerly abundant. 

Text-fig. 158. 

Grant’s Zebra (male) ; Uaaingishn (6500 ft.). 

I had an opportunity of talking over this view with 
Mr. Neumann, who approved of it, and in confirmation told me 
that he had visited the great swamp at the upper end of the 
Euaso Nyiro River, and in the low-lying lands there, although it 
was within the geographical area occupied by the Burchelline 
Zebras (Grant’s variety), he never found any of that speciea, 
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though the GrBvy Zebras were abundant. 1 had prevmuclly noted 
in Col. Swayne’s valultble paper (P. Z. S. 1894) that in Soma1iland 
the Grhvy Zebra lives in a like environment. He  found them 
firs0 a t  Durhi, about 300 milee inland from Berbera. These 
zebras are very conimori in the land of the Rer Amarlen and 

Text-fig. 153. 

Grant’s Zebra (female) : Uasingisliu (6600 ft.). 

Malingur tribes. “ The country there is covered with scattered 
bush over its entire surface, and is stony and much broken up by 
ravines ; the general elevation is about 2500 feet.” The zebras 
‘‘ were met on low plateaux covered with scattered thorn bush and 
glades of dzcrr grass, the soil being powdery and red in colour with 
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an occasionnl outcrop of rocks. I saw none in the open flats of the 
Webbe Valley, and they never come near so far north as the 
open grass plains of the Haud, Durhi south of the Fafan being 
their northern limit.” 

Text-fig. 154. 

Grant’a Zebra (male) ; Kinolop (7500 ft.). 

On the high plateaus it is quite possible that Ward’s Zebra, or in 
other words the Mountain Zebra, was differentiated. Mr. Neumann 
told me that he knew three or four localities where it might be 
quite possible to find the Mountain Zebra, and it was his intention, 
when he went out again, to make a diligent search for such. 

That animals living at a high elevation have to adapt themselves 
PROC. ZOOL. SOC.-1909, NO. XXXIX. 39 
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to:it, is shomii by R skin (text-fig. 155) of a Grant’s Zebm shot 
on the Aberdrtre Range about 8000 feet high. The hair of 
this skin is much longer than that of my other skins from East 
Africa. Mr. K‘tumann had hunted over t h a t  range, and seen a 

Text-fig. 155. 

Grant’s Zebra (male) ; north end of Aberdare Range (BOO0 ft.). 

few Grant’s Zebras there ; they did not live on the top, but only 
passed up and down over the edge of the plateau. 

I may point out that just as tho Burchelline Zebras from the 
most northern point where they are met keep changing from 
locality to locality (as is demonstrated by niy skins from East 
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Africa) until they passed into the Quaggas of Cape Colony, so on 
the north the Grkvy with its ass-like ears comes closer in tlpt 
respect to its neighbours, the asses of Somaliland and Abyssinia, 
whilst its hoof resembles that of the horse more than those of the 
other zebras. The difference between its hoof and those of the 
two other species may be due to the fact that it is not a 
mountain animal, but always keeps rather to the low and often 
swampy ground. 

2. Contributiops to the Study of the EquidB ; ii. On 
By Hitherto Unrecorded Specimens of Equus quagga. 

Li tt.D. * 
Prof. mrILLIAM RIDGEWAY, M.A., Sc.D., F.B.A., LL.D., 

[Received April 21, 190%; 

(Text-figures 156-180.) 
In view of the scantiness of our existing material, for arriving 

:it any conclusions respecting the now extinct E. quagga, which 
once roamed the plains-of Cape Colony in vast herds, and was 
found in Orange River and Griqualand West, it is most important 
to make known any yet surviving specimens which have hitherto 
escaped the vigilance of zoo!ogists. I n  my ' Origin and Influence 
of the Thoroughbred Horse' (pp. 438-9, figs. 131-3) I was 
enabled to publish the head and neck of a Quagga, preserved in 
the Elgin Museum (to which my attention had been called by my 
friend Dr. Duckworth) (text-fig. 172, .p. 581). This specimen 
shows a white ground-colour in the middle of the forehead like 
the typical specimen described by Edwards in 1758 (text-fig. 173, 

1.-By the kindness of another friend, Mr. R. C. Punnett, F.Z.S., 
Fellow of Gonville and Caius College, I am now able to describe 
and figure for the first time an entire specimen hitherto 
neglected by zoologists. This specimen is preserved in the 
Naturgeschichtes Museum at Basel, and for the photograph from 
which the illustration (text-fig. 157, p. 565) is taken as well as for 
the description I am indebted to the great kindness of Dr. Fritz 
Srtrasin, the Director of that Museum. The specimen (a female) 
was presented to the Basel Museum in 1864 by a missionary 
called Gysin, who resided at Silo (Shiloh), Cape Colony. The 
fact that in this mse, as well as in that of the Elgin specimen, 
we have some indication of the locality where the animal was 
killed is of considerable importance, inasmuch as few of the 
other specimens as  yet known have any provenance. 

Dr. Sarasin writes as follows :-" The ground-colour of the 
centre of the forehead is not white and not lighter than the 
ground-colour of other parts of the face and neck. The colour 
of the stripes on head, neck, and back is bright chestnut (' hell 
kastanienbraun,' * brun marron clair '). The colour of the non- 

39' 

p. 583). 

* Communicated by Dr. P. CHALYEBB MITCHELL, M.A., F.R.S.. F.Z.S. 
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striped hinder parts is bright brown (‘ hellbraun,’ ‘ brun clair ’). 
There is a broad dorsal stripe of a deep maroon (‘dunckel 
kastanienbraun ’) colour, bordered on each side by a small stripe 
of yellowish white (‘ gelblichweiss,’ ‘ blanche-jaunhtre ’) colour. 
The hair of the tail is bright cream (‘ hell cr6me’). The under- 
parts of the body are of a ‘ crhe-blanchitre ’ coloiir, so also are 
the legs, but getting clarker tom*ards the feet.” 

This new specimen has a-peculiar interest, for it differs from all 
the others known, and may serve to bridge over the gulf between 
the Quaggas of Cape Colony and. the Burchell Zebras. 

Text-fig. 156. 

E. burchelli (Pni*is) ; north of Cape Coloi~y (about 1820). 

Mr. Pocock has well painted out that the current descriptions 
of the Quagga are made up by blending together animals of 
different tjpes, whilst he and Mr. Lydekker have suggested that 
the Quaggas figured by Edwards (text-fig. 173, p. 582), by Harris 
(text-fig. 180, p. 586), and Hamilton Smith (text-fig. 178), may 
be snbspecificallyclistinct from the one photographed by York (text- 
fig. 164, p 575), the last known living example of its race, which 
survived in the Zoological Gardens until 1872. Mr. Lydekker 
(‘scigpee Pmgrem,’ 1902, pp. 220-2) proposed names for two 
new subspecies. (1) 8. yuccgya greyi, under which fall the British 
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Museum (text-fig. 163), Amsterdam (text-fig. 170), Edinburgh 
(text-fig. 165), and Tring (text-fig. 159) specimens ; the last being 
(he thought) that really photographed by York. (2) H e  applies 
the name E.  pagga  lorenzi to the famous Vienna specimen (text- 
fig. 158). But Mr. Lydekker is now very doubtful whether the 
division into races is justifiable, althoiigh it is possible that the 
Vienna specimen may be distinct, and “ despite certain differences 
in regard to the width and backward extension of the stripes, and 
also the relative proportions of the white and fawn areas,” he is 

Text-fig. 157. 

The Bssel Quagga (female) ; Silo, Cnpe Colony, 1884. 

“ disposed to xegard the quaggas figured by Edwards, Harris, and 
Hamilton Smith, as representing the same type of animal.” 

Mr. Pocock hits added a third subspecies : h’. quagga danielli 
(text-fig. 179, p. 585). 

Mr. Pocock has argued that the Burchell Zebras and the 
Quaggas of Cape Colony are only subspecifically distinct, and he 
includes all the varieties of the Burchell Zebra as well as the true 
Quaggas of Cape Colony undei. the species E. qzswgga. 

Whether these two types of animals were specifically or sub- 
specifically clistinct, the relationship between them was extremely 
close. Furthermore, i t  is generally admittecl that the Vienna 
Quagga, of all the specimens hitherto publisliecl, comes nearest to 
the true Burchell Zebra. 
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But a glance at  the illustration of the Base1 Quagga will show 
that it comes still closer to the Burchell Zebra than the Vienna 
specimen, and it may be taken as virtually filling the gap which 
hitherto has existed between the true Burchell Zebra and the 
Quaggas of Cape Colony. 

It would seem that we must be careful not to make .species or 
subspecies too hastily, for it may turn out that slight local 
differences in the environment may cause a difference in the 
coloration of animals which are practically one and the same 
in type. This, indeed, can be ,put beyond all doubt by the series 
of skins in my own possession, which I obtained from British 
East Africa ( m p a ,  pp. 547-563). 

11.-I will next describe another specimen of E. quuqga. It 
has long been known by hearsay to those interested in the 
subject, but, so far as I am aware, it has not been described o r  
figured by any of our leading authorities on the Equide. Sad to 
say, it is the only specimen of the true Quagga preserved in the 
Museums of South Africa. For, although the Director of the 
Bloemfontein Museum, in reply to my, inquiries, informed me 
that theFe was in the Museum a skin of the true Quagga, when 
the photograph, taken for me by a local photographer, arrived, 
the skin turned out to be probably that of the true Burchell 
Zebra. But as the legs had been trimmed off, it is by no means 
certain that it is even that of a true Bur+ell. 

However, in the Cape Town Museum, there is B genuine relic 
of the true Quagga, which, by the kindness of Dr. L. PBringuey, 
the Director, I am able to describe in his words and to figure from 
a photograph kindly sent to me by him. Dr. PBringuey writes :- 

“ I  very much regret to say that the extinct Quagga is 
represented in the collection by a foal only. The skin was never 
properly mounted, and the animal looks somewhat grotesque, 
but I dare not have this relic txidermised. The animal was 
procured from the Beaufort West district of the Cape Colony 
circa 1860. It is rufous-brown, the stripes whitish, but 
slightly mingled with rufous, or rather tawny, on the edges. 
The animal is 110 cm. from nose to the root of the tail, 68 cm. 
at the shoulders, 70 cm. a t  the hind quarters ; the length of the 
head is 30 cm. from the muzzle to the centre of the ears. The 
remarkable feature of the foal is the great length of the hairs ; 
those bearding the lower jaw are 3 cm. long. On the facial part 
there are four distinct stripes and many outer, ill-defined ones. 
These show distinctly in the photograph.” (Text-Gg. 171, p. 580.) 

I here figure all the chief specimens of the Quaggft which I have 
been able to find in the museums of Europe and Africa, except 
that a t  Turin * and those said to be a t  Mainz and Frankfurt-on- 

* I obtained, but too late to reproduce. il picture of this specimen, by the kindness 
of Dr. L. Camerano, who published it (Atti d. It. Accad. d. Scienze, Toiino, vol. xliii. 
pp. 3-4 pl.). 
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Main *. I have arranged all the specimens in a series according 
to the amount of atriping in each speciinen. This will serve to 
show the relation of the Base1 Quagga to those already familiar. 
Whenever I could ascertain tlie provenance of tlie specimen and 
its date, I have given it. The sequence bhows that the process of 
self-divesting of the stripes from the hoofs upwards, which we can 
trace in the Burchelline Zebras from Grant’s variety in North- 
eabt Africa downwards (text-figs. 144-8, S I J ~ O ) ,  continued in 
operation amongst the Quaggas of Orange River and Cape Colony. 
Scanty as the evidence is, i t  rentlers it clear t h a t  if we had more 
specimens we could trace every stage in the process and we would 
find, that as in British East Africa the Zebras vary from area to 
area, so was it also with the Quaggas of Cape Colony. I n  addi- 
tion to the reproductions of the extant specimens in niuseums as 
well as York’s photograph of the female Quagga which lived in 
the  Regent’s Park from 1851 to 1872, I hare reproduced the chief 
pictures of Quaggas drawn from living hpecimens. There has 
been in the past much discussion as to whether the drawings of 
Edwards, Cornwallis Harris, Hamilton Smith, and Daniell are 
trustworthy, because the animals pourtrayed differ in coloration 
inter se and also from the extant museum specimens. But a 
comparison of the illustiations from the pictures with those 
from the extant specimens, and from York’s photogrtxph, and the 
descriptions of such men as Cornwallis Harris, will convince 
the reader that  the pictures of Edwards, Harris, Daniell, and 
Hamilton Smith, though differing from each other, and from 
some of the extant specimens, show forms quite in keeping with 
what might be expected in other specimens of Quaggas. 

Cornwallis Harris, who had studied the Quagga from life in 
its haunts (‘ Wild Sports of Southern Africa,’ p. 48), has left us 
i n  his ‘ Portraits of tlie Game Animals of Southern Africa’ 
(1841) a picture of an  animal (text-fig. 180, p. 586) with less 
striping than Daniell’s (text-fig. 179). Harris was diawing from 
animals that  he saw around him, and had he not seen such 
variations, he would have given u s  an animal striped like the 
skin drawn by himself (text-fig. 175, p. 583). Again Hawkins t, 
in his drawing from life of the Knowsley quaggas (text-fig. 174), 
shows animals of different degrees of striping. But his picture 
is in accord with the evidence of the extant skins. 

111. The Vienna specimen (text-fig. 158, p. 568), a female. This 
specimen has been fully described by Dr. Lorenz (P. Z. S. 1902, 
vol. i. pp. 32 spq.), with an illustration taken from a photograph 
made for Dr. Lorenz by Herr Custos Marktanner, of Gratz, from 
whose negative the photograph here reproduced is also taken 
(having been obtuined for me by Dr. Karl Toldt, of tlie Vienna 

* Mr. G. Renshaw (Nat. Hist. Essays, 1901, p. 192) gives both in his list, and 
Hnt the Director of that Musenm tells me that this is a 

t ‘Gleanings from the Menagerie and AviarJ- at Knowsley Hall’  (J. E. Gray and 

one at Berne (p. 191). 
mistake. 

Waterhouse Howkiiis : Knowdey, 1851). 
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Muscum, in 1906). The specimen was procured by Ecklon in 
1836 (who had purchased for Munich its specimen in 1835). 

Dr. P. L. Sclater, 
F.R.S., described and fignrecl this specimen (P. Z. S. 1901, vol. i. 
p. 166). My illustintion is ‘from R photograph given by the 
Hon. Walter Rothschild, M.P. to Mr. R. I. Pocock, wlio has 
kindly allowed me to embody the following notes on this im- 
portant specimen (pp. 569-70). Di. Sclater stated that this 

IV. The Tring specimen (text-fig. 150). 

Text-fig. 158. 

The Vienun Quagga (female), 1836. 

specimen was the animal which lived in the London Zoological 
Gardens from 1851to 1872. I an1 also indebted to Mr. Pocockfor 
the facts relating to the history of this specimen and it,s supposed 
identity with either the quagga which died in the Regent’s Park 
in 1864 (Sir G. Grey’s specimen) or the one which died in 
1873. The question is fully discussed (i?afrcc, pp. 572-5) where I 
treat of the British Museum specimen and that photographed by 
Fred. York. 

“The chief points to be noticed about this Quagga are the 
following. The general colour is practically the same as in the 
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type of E. quagga greyi in the British Museum, that is to say, the 
stripes are dark brown, the interspaces paler creamy brown, the 
bellyand legswhitisbwith a dark rim above the hoofs and dark hair 
at the back of the fetlocks. The stripes on the neck are moderately 
broad and some of them a t  least are double. The lower half of 
the shoulder is unstriped ; and on the anterior portion of the body 
behind the shoulders the stripes are short, but posteriorly they 
become progressively longer and retain their dist,inctness as far 
back as the hind-quarters, exhibiting most clearly in the posterior 

Text-fig. 159. 

Tlic Triiig Q i i ~ g p .  

half of the body the hackward inclination SO characteristic of so- 
called Zebras of the Bnrchelline group. The last long stripe that 
is visible slopes bnckwartls from n. point a little in front of the 
stifle-joint towards the root of the h i ] ,  and appears to represent 
the stripe in a specimen of Chapman's Quagga which Prof. Ewart 
called the " intermediate flank stripe." Below this the hind- 
quarters seem to show traces of at least one abbreviated stripe, 
recalling the abbreviated stripes on this area in typical E. pzcugga 
burchelli. 

" It is the persistence and distinctness of both the vertical and 
oblique stripes on the body that make the Tring Quagga excep- 
tionally interesting. I n  these particulars, coupled with the width 
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of the interspaces between the stripes on the body and neck, i t  
more resembles some of the recorded examples of E. puggo 
burchelli than any of the extinct Quaggas hitherto described and 
figured. It surpasses even the Vienna specimen in the cogency 
of the evidence it supplies of the closeness of the affinity between 
the extinct and existing members of this species. Apart, indeed, 
from its browner tint, due to the lightening of the stripes and 
the darkening of the interspaces, I cannot detect one single im- 
portant character in which this Quagga differs, for example, from 
the specimen of Burchell’s Quzgga in the Bristol Museum. 

Text-fig. 160. 

The Stockholm (Sparrman’s) Quagga, 1776. 

‘‘ I am greatly indebted to Mr. Rothschilcl for giving me more 
than one opportunity of examining this Quagga at Tring and also 
for very kindly supplying me with a photograph of the animal 
from which Prof. Ridgeway has had the subjoined block prepared.” 

This 
specimen has (t peculiar interest, as it is not only the oldest extant 
specimen, but is the “ full-grown fetus ” brought home by 

V. The Stockholm specimen (text-figs. 160 k 161). 
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Sparrman in 1775 *. For the two illustrations I am indebted t o  
my friend Prof. br. Liinnberg, the Keeper of the Natural History 
Museum, Stockholm, who has also given me the notes here 
embodied. Text-fig. 160 is from a photograph taken before the 
dust of a century was removed from the animal. Text-fig. 161 is 
from a painting made by the Stockholm artist Mr. S. Ekblon for 
Dr. Linnberg of the specimen after it was cleaned. Dr. Lonriberg 
has most generously put this picture at my disposal, and he tells me 

Text-fig. 161. 

The Stockholm (Sparrman’s) Quagga (from a painting). 

that “ it represents a careful copy of the pattern of the right side, 
which is not fully identical with that on the left” (represented by 
the photograph, text-fig. 160). “The light patch on the rump in 
the photograph is due to the fact tha.t the specimen had not been 
fully cleaned when the photographer had it.” I n  answer to my 
query Dr. Lonnberg writes that “ the brown of the stripes may be 
a little bleached, but only a little; the light ground colour L of 

* ‘ Voyage to Cape of Good Hoze, etc.’, Engl. trans. (Perth, 1789), vol. i. p. 190. 
Sparrman gives its measurements : from ears to tail 31 inches j lieiglit at loins 22.” 
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course not alteretl. Spzrrman says in his narrative that the 
colours of this fe tus  were ‘ fresl~er,~ i. e .  brighter, than in full- 
grown animals of the s‘me kind.” The exact locality is not 
mentioned, but Spnrrman relates that he saw the first quagga at 
Swellentlam, and in th i s  connection lie mentions this fetus, 
although he says only that he brought it home “ from the Cape.” 

VI. The Wiesbaden specimen (text-fig. 162) wn.s bought in 
1865 fi.om Frank, the Amsteidani tlexler, for one hundred florins. 
It is i~ niale. The provenance is simply “ South Africa.” 

Text-fig. 162. 

The Wiesbiideii Quagyii (wale), 1886. 

This information ant1 the photograph I owe to the kintliiess of 
Dr, Ltunpe, Uustos of the Wiesbaclen 3Iuseum. 

VII. The British Museum specimen (test-fig. 163). Mr. Ly- 
tlekker (‘ Guide t9 the Specimens of the Horse Family (Eqnidtx),’ 
p. 34), writes :-‘: The species is represented in the collection by 
the mounted skin ant1 tlie skeleton of rz inale fornierly living in 
the Zoological Gardens, Regent‘s Pitrk. That :mimal. which was 
one of the l a d  survivors of the species, was presented to the 
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Zoological Society by Sir George Grey, K.C.B., in 1858, and lived 
in the Menagerie ill the Regeut’s Park till June  1864. The skin 
is exhibited in case no. 38 in the lower mammal gallery, and the 
skull on the opposite side of the same case.” 

Between this specimen nnd that at Tring there has been mucli 
confusion. I n  the P. Z. S. 1901, vol. i. p. 165, Dr. P. L. Sclater, 
F.R.S., stated that the female Quagga purchased on March 15th, 
1851, by the Zoological Society died on July 7th, 1872, and was 
sold to Mr. E. Gerrard, and is now in the Zoological Museum at 
Tring. A photograph of this animal taken during its lifetime 

Text-fig. 163. 

The British BIuseuiii (Grefs) Quagga (male), 1868. 

(1870) by York is reproduced on p. 166 of the volume just cited. 
Mr. Pocock accepted this statement as correct and reprinted it in 
his paper on the Cape Colony Quagga (Ann. Mag. Nat. Hist. (7) 
xiv. p. 324, 1904). 

The Hon. Walter Rothschild, M.P., then wrote to Mr. Pocock 
to tell him that he had bought the Tring Quagga from Gerrard 
in 1889, understanding that it had been received in exchange 
from the Dresden Museum. Mr. Pocock wrote to Mr. Gerrard, 
and he informed Mr. Pocock that it camefrom the Leyden Museum. 
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Mr. Pocock wrote to Dresden, and the then Director replied that 
the Dresden Museum had never possessed a Quagga, and had never 
sold one to Germrd either before, during, or after 1889. 

All doubt on this matter is removed by the following letter 
from Gerrard t o  Mr. Pocock :- 

Natural History Studios, 
61 College Place, Caindeu Town, 

Juue lath, 1909. 
L011do11, N.W., 

Dear Sir, 
The Quagga I fiold t3 Tring was one I bought from 

It was an old mounted specimen, and 
The 
The 

Mr. Frank of Amsterdam. 
I remounted it. I do not know where Frank got it. 
Quagga which died at the ZOO was made into a skeleton. 
skin was bad. The skeleton is in the British Museum. 

Yours truly, 
FDW. GERRARL). 

Dr. Harmer, F.R.S., on recently examining the specimen in the 
British Museum and comparing it with the animal shown in 
York's photograph, told me that he doubted if they were one and 
the same animal. 

Mr. G. Dollman has kindly sent me the extiact* from the 
Museum Register. It puts beyond doubt that  the specimen is 
Grey's which died in 1864, years before York's photograph. 
Mr. Gerrard is therefore wrong, and so is Dr. Renshaw t, who 
states that the Museum specimen is the animal which died in 
the Gardens in  1839. 

The skatements prove the following conclusions :- 
(i) I n  1851 the Society purchased a fernale Quagga which died 

in 1872. 
(ii) The skin WRS not preserved being in a bad state, but its 

skeleton was mounted, though it is not that  now in the Natural 
History Museum. 

(iii) I n  1858 Sir George Grey presented to the Zoological 
Society a male Quagga which died in 1864. It is the mounted 
skin, skull and skeleton of this mule which is now in the British 
Museum. 

(iv) It is certain that York's photograph represents a speci- 
men which was living in  the Regent's Park. But as this  photo- 
graph does not represent the stuffed specimen in  the British 
Museum (Sir G. Grey's male), it must represent the female 
specimen bought in 1851, of which the skeleton was preserved 
but not the skiu, which was in too bad a state. 

(v) The Tring specimen is neither the female specimen which 
was in the Gardens from 1851 t n  1872, nor the male presented by 
Sir G. Grey in 1858 and which died in 1864. It is the skin of a 
quite different animal. 

(vi) Thus through the efforts of Mr. Pocock and Dr. Harmer's 

* The entry runs : '' 64.7.2.3, Reg. 110. Eyuus qmgqa, male, stuffed #kin aud 

t Nat. Hibt. Essays, pp. 186-7. 
skeleton, pnrchased of the Zool. Soc. (Sir George Grey, 1868)." 
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sagacity we are enabled to add another specimen to the list of 
Quaggas preserved in our museums. Most fortunate it was that 
York photographed the female Quagga in the Gardens, for 
although her skeleton inny be preserved in some museum, all 
record of her external a,ppearance would have been lost. 

VIII. <he Female Quagga photographed by York (text- 
fig. 164). For this illustration I have to thank the Director of 
the British Museum, who has permitted me, with Mr. Lydekker’s 
approval, to reproduce the fig. 22 in the ‘ Guicle to the Specimens 

Text-fig. 164. 

Female, Regent’s Park (1861-72). Photographed from life by F. Yo& 

of the Horse Family’ (p. 33). Frsom what has been said under 
“ The British Museum specimen ” supra, i t  is clear that York’s 
photograph, taken (18iO or 1872) from the only living quagga 
ever photographed, represents the female which lived in the 
Gardens from 1851 to  1872, and not the specimen now in the 
British Museum. 

IX. The Edinburgh specimen (text-fig. 165). The Edinburgh 
specimen has no provenance except Cape of Good Hope. It was 
purchased hy the University of Edinburgh for their “ College 
Museum ” cluring the year ending June 1818, for the sum of one 
guinea, and it WAS a.fterwarcls transferred to the Royal Scottish 
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Museum, where i t  now is dong  with the rest of the old College 
Collection. I am indebted to the Director, Dr. Dobbie, F.R.S., 
and to Mr. G. P. H. Grimshew for the photograph and information. 

Text-fig. 165. 

The Edinburgh Quagga, 1818. 

X. The Leyden specimen (text-fig. 166) is from R photograph 
kindly given to nie by my friend Dr. I?. A. Jentink, F.M.Z.S., the 
Director of the Dutch State Museum of Natural History a t  
Leyden. The animal was shot near Stmeenbergen by Dr. van 
Horstok on June  15th, 1827. The skeleton of this fine animal 
(male) is likewise in the Leyden Museum. 

XI. The Paris specimen (text-fig. 167) is from a photograph 
kindly given to me by Dr. Trouessart, the Director of the Paris 
Natural History Museum, to whom I a m  also indebted for the  
following account :-“ Le quagga est venu (vivant) lors de la 
creation de la menagerie du Museum de l’ancienne inknagerie du 
Roi A Versailles en 1793. A cette Bpoque l’indication ‘ Cap de 
Bonne Esperance ’ semblait t r& suffisante.” Dr. Trouessart has 
since published the specimen with an  illustration in the ‘Bulletin’* 
of the French National Museum. 

* 1906, xii. p. 4.49. 
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Text-fig. 166. 
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The Leyden Quagga (~nale), Steenbergeu, 1847. 

Text-fig. 167. 

T1:e Paris Quagga, 1793. 
PRO;. ZOOL. S O C . - - 1 9 0 9 ,  NO. XL. 40 
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XII. The Berlin Quagga (text-fig. lGR), t\. female, is that which 
(lied in the Berlin Zoological Garden in 1875. The skull and 
skeleton nre also in the Berlin Museum ns well as two other 
quagga skulls. Ih. Mntschie, who kindly gave me the photograph, 

Text-fig. 168. 

The Berlin Quagga (female). 

informs me that the specimen has not been fully described. 
He considers that it belongs to the same type as the Vienna 
(E.  loremi).  " The ground-colour is burnt-umber ; the bright 
stripes are very bright brown (sehr hell braun)." 

XIII. The Munich specimen (text-fig. 169).-The illustration 
is from a photograph kindly sent to  me by Dr. Hertzog, the 
Director of the Natural History Museum. The specimen was 
purchased by &klon in 1835, who in the following year procured 
the Vienna specimen. 

XIV. The Amsterdam Quagga (text-fig. 170).--The illusti-ation 
is from a photograph kindly given to me by Prof. Dr. Kerbert. 
The specimen has been described and discussed by Mr. Lydekker 
(P. Z. 8. 1904, vol. i. p. 430, text-fig. 86). 
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Text-fig. 169. 
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The Muiiicli ( t i i~gp,  1836. 

Text-fig. 170. 

Tlie Atnsterdani Qongga. 
40* 
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Text-fig. 171. 

[nr : l i  11, 

The Cape-Town Quagga foal, Beanfort West, about 1860. 

XV. The Elgin Quagga (text-fig. 174).-I published this head 
and neck in my ‘Origin and Influence of the Thoroughbred 
Horse’ (pp. 438 & 9, figs. 131-3), 1905. 

1. Edwards’ Quagga.-The illnstmtion (text-fig. 173, p. 582) 
is from the drawing made by G. Edwards himself “ from the living 
animal belonging to His Royal Highnebs the Prince of Wales.” in 
1751, and published in his ‘Gleanings of Natural History,’ London, 
1758, p. 29, pl. 223. This drawing was reproduced and discussed 
by Mr. R. I. Pocock (Ann. Mag. Nat. Hist., Nov. 1904). 

The figure is that give; in my ‘ Origin and Influence of the 
Thoroughbred Horse,’ p. 72, fig. 38. 
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Test-fig. 172. 

Elgiii Qnaggz : Kiii~u.il l i~instoan, 1801. 

2 and 3. The Knowsley Quaggas (text-fig. 172, p. 582).-My 
illustration is from their portraits by Haivkins (suprw, p. 567) in 
the ‘ Knowsley Menagerie.’ The two animals are shown on one 
picture. One is more striped than the other, but the skin (text- 
fig. 175) might belong to a similar animal. 

4. Cornwallis Harris’ Drawing of a Quagga Skin (text- 
fig. 175), cf. p. 567. It is reproduced from the ‘ Portraits of the 
Game Animals of Southern Africn.’ 

5. Lord I Morton’s Quagga. -My illustration (test-fig. 176) 
is from a block made from A p s e ’ s  drawing for my friend 
Prof. J. Oossar Ewart, F.R.S. (‘ Penicuik Experiments,’ p. 65). 
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This animal belonged to Lord Morton in 1821 (see Phil. Transsr- 
tions, 1821,p. 21). (Cy. ‘Origin aiicl Influence of the Thoroughbred 
Horse,’ p.457.) 

Text-fig. 173. 

Edwnrds’ Qungq, 1781 (from Edwarc‘s’ drawing). 

Test-fig. 174. 

The Kuowsley Quaqqns, from Hankins’ drawinq. 
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Text-fig. 175. 
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Froin Coruwalli* Harris’ picture 
(‘Portraits of tlie Gaiiie Aiiiiiials of Southern Africa ’j. 

Test-fig. 176. 
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6. Buffon’s Quagga.-My illustration (text-fig. 177) is from 
that in Biiffon’s ‘Histoire Katnrelle,’ vol, x. p. 112 spp., pl. ii. 
(1787). The description of the quagga there given and the 
drawing from which the engraving was taken (here reproduced) 

Text-fig. 177. 

Buffon’s Quagga : from Gordon’s drawing. 

were obtained from a Mr. Gordon, who (clans le pays cles Bosjemans 
fort eloigne de toute habitation) made a drawing from a young 
quagga, which he hail cut oft’ from a herd of females with their 
foals, and which followed his horse (p. 115). 

(Text-fig. 178.) 7. Hamilton Smiths Quagga (supra, p. 567). 
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Text-fig. 178. 
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Hnmiltoii Smith’s drawing, 1840 *. 
Text fig. 179. 

* ‘ Horses,’ pl. xxiv. 
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8. Daniell’s Quagga.-The illustration (text-fig. 179,.p. 585) is 

a reduced facsimile from the drawing by Samuel Daniel1 in his 
‘African Scenery’ (1804-8), no. 15. The picture has been 
reproduced and discussed by Mr. Pocock (Ann. Mag. Kat. Hist., 
Nov. 1904). 

9. C o r ~ ~ w d l b  Harris’s Quagga (text-fig. 180) is a reproduction 
of Harris’ drawing in  the ‘ Portraits of the Game Animals of 
Southern Africa ’ (.supra, p. 567). 

Text-fig. 180. 

From Cornwallis Harris’ drawing. 

This survey of the extant skins and the pictures of tlie Quaggas 
of Orange River and Cape Colony, and the comparison of the 
illustrations with those of the Burchelline Zebras, leads irre- 
sistibly to the conclusion that every area has its own variety clue 
to environment, that we must be slow to make new species or even 
subspecies, and that Mr. Pocock was right in maintaining that 
the Quaggas of Orange River and Cape Colony were not specifically 
distinct from the Burrhelline Zebras. 

3. Contributions to tlie Study of the Equidae ; iii. On i~ 

portion of a fossil J a w  of one of the EquidE. By 
Prof. WILLIAM RIDGEWAY, M.A., Sc.D., F.B.A., LL.I)., 
Litt.D.* 

LReceired April 21, 1909.; 

(Text-figure 181.) 

By the kindness of Hi.. A. C. Hollib, becietary to the High 
Comlmissioner of British East Africa, through my friend Mr. C. 
W. Hobley, C.M.G., Assistant-Commissiontr at Nairobi, I am 

* Communicated by Ih. 1’. CHALXEES MITCHELL, M.A., F.R.S., P.Z.S. 
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enabled to publish H. most interesting fragnient of the f o s d  jaw 
of what was uncloiilitedly one of the EquidFe. It was found in 
1906 “ by :t Mr. W. A. Macgregor in the Morendat River near 
Naivasha.” Mi*. Macgregor gave i t  to Mr. Hollis. I am infornietl 
by Professor Gregory of Glasgow, who lias worked in British 
East Africa, that the gravels of the Morefidat are late Tertiary. 
The fragment here shown (text-fig. 181) is the fore part of tlie 
under jaw. Unfortunately it does not extend back beyond tlie 
tliastema and include any of tlie premolnrs or Inolars, but five of 
the six incisors survive and also the canine on the right side. tlie 
canine and second corner incisor on tlie left side being lo,st. 

Test-fig. 181. 

Fragincnt of n fossil jaw;  River Morelidat, British Enst Africa. 

Allowing for the loss of a small portion, the breadth across the 
j,nw at the corner incisors is exactly two inches. The distance 
from the corner incisor to the canine is very small, riot more tlian 
:t quarter of an inch. This specimen is very interesting as it is, 
so far as I know, the only fossil remains of a manimal as yet. 
obtained from British East Africa, and at the tinie of its discovery 
was the first from any part of East Afrifi?. But the Germalis 
have lately made some discoveries. The only maluinal fossil froiii 
Central Africa ns yet known, is a fossil tooth of it gimffe. 

Close to the aren. where i t  was fouiitl there still survire reire- 
sentatives of all three species of Zebra-&. zebru or the Mouiitaiii 



588 MR. R. LYDEKKER ON A [May 11, 

Zebra, Grant’s variety of Burchell’s Zebra, and Grevy’s Zebra ; 
and i t  is not improbable that in this jaw we have a relic of an 
ancestor of one or more or of all these species. 

Is i t  possible to form any estimate of the size of this animal, 
which I pr0110se to call E. hollisi Z 

Let us compare the few nieasurements which we can make with 
those of its living relatives. The distance across the four com- 
pletely surviving incisors in tlie fossil is one and three-quarter 
inches. The milie ineasnremeiit in my skull of a Grery stallion 
gives two inches, ant1 in that of niy Grant stallion two and three- 
eighths inches. The interrlentnl space between the canine and 
the nearest incisor in the fossil h’. hollisi is about a quarter of an  
inch, in the Grevy three-eighths, in the Grant nearly an inch. 
Thus, so f a r  as theae very inadequate measurements indicate, 
the aninial was more like the Grevy Zebra than the Grant, an  
inference quite in keeping with the view that the stripe-system 
in the Grevy is much older than in the Burchell family of 
Zebras. 

A s  regards the actual size of the E ~ L Z C S  hollisi, we can form no 
estimate from the jaw measurements. Thus the Grevy stallion, 
the measurements of the jaw of which J have just cited, stood 4 feet 
Bh inches (14.li bands) or just tlie height of the true Libyan 
horse, that is the small L ‘ A r ~ h ’ ’  not increased in height by 
crossing with Asiatic horses. On the other haiid, the Grant’s 
Zebras of East Africa seldom reach more than 4 feet 2 inches 
(12.2 hands), yet the measurement of the front of the jaw in the 
latter is distinctly larger than that of the Grevy stallion. Thus 
from the present scanty data, we cannot form any estimate of the  
height of E. hollisi, for altliough the front of the lower jaw is 
inucli smaller than that of E .  grcwti, i t  is quite possible that it, 
like the Grevy Zebra, may have been a m i d i  larger animal. 

4. On a New Hace of Deer froin Sze-chuea. 
By R. LYDEKKER *. 
[Receiveti April R,  1909.1 

(Plate LX1X.t) 

Shortly before his clea,th, I received from the late hlr. J. W. 
I h o k e  a communication regnrding a so-called “ white deer ” 
iiihabiting Sze-cliuen, which was stated to be no albino, but, 
iii illy correspondent’s opinion, a new species. I n  February of 
the present year, Captain Malcolm McXeill called a t  tlie Natural 
History branch of the British Museum, and informed me that he 
1l:tcl just returned from Sze-chuen, where lie had seen a small 
p r t , y  of these clew, out of which he succeeded in shooting a hind. 

* Comninmlicntrd by pemmission of the Trustres of the Ilriticli Museum. 
t For esplnnation of the Plate see p. 690. 
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Of this hind he brought home the skin, skull, and limb-bones, 
which have been secured for the British Museum and form the 
subject of the present communication. Captain McNeill described 
the deer as being nearly tlie size of a Wapiti ; and this estimate 
seeins to be approxiiiintely borne out by tlie skull ant1 skin, the 
former of which, although immature, is rather larger than the 
skull of an adult red deer liintl. Unfortunately. C':tptain BlcNeill 
was unable to furnisli any infornmtioii with regard to the form 
of the antlers of the stag. 

The general cliarncters of the skin inrlimte a deer akin to the 
Hnngul.( Cerviis c a s h ~ n i ~ i o ~ ~ z ~ s )  of Krtsliniir ant1 Kishtwaz. The 
coat is, for instmce, of the sitiiie cleiise and close character. wit11 
the individual hairs ringetl itli dark and light in their terininal 
halves, so as to give a speckletl appeaiarice to tlie body-fur. 
There is tlie same narrow white area on tlie buttocks, bordered 
by a darkisli band, which ib continuetl down the middle line of 
tlie short tail, and there is a siinilar dark inane on tlie neck, 
continued its ix dark line for soine distance down the back. 

The Sze-chuen deer is, however, a iiiuch lighter-colourecl aid a 
more fully speckled animal than the typical Hangul. The 
general colour is grey fawn, becoming paler on tlie liinbs, of 
which tlie backs and inner sides are nearly white. The iridiviclual 
hairs on the body have also a greater noniber of light rings; and 
the speckling is as well-tleveloperl on the flanks and neck RS on 
the back, whereas in the Ka.shinir H:tngnl the speckling is almost 
obsolete in tlie regions first-named. In both forms the tips of 
the hairs are, however, always light, although on the flanks and 
nepk of tlie Kasliniir stag these tips are but little paler than the 
general body-colour. On the back tlie dorsal stripe of the new 
deer stops short a little behind tlie shoultler, instead of continuing 
as R more or less distinct line to the rump. The Sze-chuen deer 
lacks the white under-lip of its Kashniiri relative ; but, on the 
other hand, tlie whole throat is much lighter than the general 
body-colour, instead of being quite as dark, or darker, in tlie 
stags, a t  any rate, of the typical Hangul. Then again, the whole 
of tlie under-parts of tlie Sze-chuen deer are dirty white, whereas 
in the Kashmiri animnl the nhdonien alone is white, while the 
lower surface of the chest is darker than the back. Certain 
differences are obserrable in regard to the extent of the white 
and black of the buttocks when the Sze-cliuen skin is compared 
with those of tlie Kashniir Hangul in tlie Museum, but these 
may be merely individual. The glantl on the hind cannon-bone 
is pale chestnut in the new deer, and thus shows out, against the 
grey fawn, much more conspicuously than in the typical Hangul. 

The skin of a second hind in the possession of Captain McNeilI 
agrees in all essential characters with the specimen described. 

So far as the present specimens go, tlie Sze-chuen deer niay be 
defined as follons :-- 

Allied to C'ervzts cashmiriataus, but much paler and more 
profusely speckled ; the general colour being grey fawn, becoming 
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whitish fawn on the throat ant1 limbs, and the speckling a s  fully 
iixirked on the neck and flanks as on the back. No white on the  
chin ; hut the whole of the under-parts dirty white, illstead of 
merely the abdomen. Dark dortsal line stopping short about the 
mitldle of the back. 

For the present, at any rate, I propose to regard the Gze-chuen 
‘‘ white ” deer ats a race of the  Hrtngul, under the title of Cervus 
cccshniirian ILS macneilli. The occiirrence in Sze-chuen of a repre- 
\entative of the Hangul is paralleled by the occurrence in the 
s~tine province of a local race of the Sambar. 

ESPLATSATION OF PLATE LXIX. 
Cerivts carlwiiriamis maciieilli,  from the type teinale tiom Rze-chuen in tlie 

13ritiali Nu.cam (Xatural Histoiy). 

5 .  The Batrachians and litq3tiles of MataLelelancl. 
By E. C’. C‘HUHB, F.Z.S. 

[Received April 28, 1909.1 

The following list is based entirely upon material in the 
IthoLlesia Museum, Bulawayo, and is intended to give some idea 
of the Hatrauhia and Reptilia inhabiting this region, although it 
cannot claim to be more tlran tentative, for as soon as extensive 
collections are made in various parts of the country there will, no 
tloubt, be niany species to add. 

The localities vary in dltitude between 2000 and 4500 feet;  
t,he latter figure representing the height of Bulawayo. 

I n  a previous paper dealing with the Mammals of this area * 
an allusion was made to the probability of tlie various geological 
formations supporting distinct faunas, and this appears t o  be 
lmrne out to a remarkable extent by the lizards, no single species 
of which has as yet been found common to our two principal 
local formations, viz., granite and schist. Below is given a list 
of those forms which I have had an opportunity of observing in 
their haunts ; i t  is arranged to show their habitats according to 
these two formations. 

GRASITE. SCHIST. 
Ifonzopholis zuuhlbergii. 
Pachydoct?/ln~s ufinis. Pcbchylact2/1us bibroizii. 
Ayunza LirLii. dgaa~cc tlistunti. 

Platpaurus guttotus. 
G’errhosaurus ralitlzts. Gewhosaurw jlavigtdar is. 
Jfabiein piiqtietmziata. ilfabuia striatu. 

,, atricollis. 

,, VCLl’iCl. 

* 1’. Z. S. 1909, p. 113. 
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The Mntxbele nnmes are given wherever it has been possible to  
nscert;tin them with certainty, but the natives are not so well 
ncqaxinteil with the names of lizards and smkes as they are with 
those of mammals and birds. In  reading these, i t  must be 
remembered that “ c,” “ q,” and “ s ” represent clicks, as in Zulu. 

Among thenumerous donors of specimens to whom the Museum 
is indebted, should be specially ineiitionerl Messrs. R. Edge and 
0. Dally for collections made in the vicinity of Bnlawnyo. 

I must express my warmest thanks to our Vice-president, 
R h .  G. A. Boulenger, F.R.S., who has been good enough t o  
examine the collection and confirm or  correct my determinations. 

BATRACHIA. 

1. BUFO REGULARIS Reuss. 

b, C. Urombie’s Store, 16 miles S.E. of Bulnwnyo, 18 Oct. 1907. 

“ Ixoxo ’’ is used for all frogs and toads. 

9 .  BUFO CARESS A. Smith. 
a. Bulnwayo. 

6--6. Crombie’s Store, 18 Oct. 1907. 
f. Kana &iver, 20 KOV. 1907. 

a. Hulawayo. 

d. World‘s View, Matopos, April 1908. 

3. PIIRYNOYASTIS BIFASCIATA A. 8mitth. 
a. Hulawayo, 3 Dec. 1907. 
b. Shnngani River, 23 Nov. 1907. 
c. Goncla’s, Shnngani River, 3 Dee. 1007. 

4. BREVICEFS MOSSAYBICUS Pett?rS. 
a-c. Bnlnmilyo. 
(1, e .  Kenr C+wanmyaya River, 21 Kov. 1907. 

5. RASA DELALANDII 1). t~ B. 
CL-c. Bulnwayo. 

(2. Gwnninyaya River, 13 Nov. 1907. 

6. RANA ASGOLENSIS BOCage. 
(6. Bulawayo, 6 Sept. 1907. 
h. Crombie’s Store, 18 Oct. 1907. 

c, d. World’s View, Matopos, April 1908. 
e , f .  Gwainayaya River, 13 Nov. 1907. 
A number of tadpoles were taken with “ b ” on Oct. 18th. 

7. RASA ADSPERS.4 Bibr. 
a-d. Bulawnyo. 

c. Gwamaynya River, 22 h’ov. 1907. 
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8. RANA MASCARENIENSIS D. d: €3. 
a. Swena’s, Gwamnyayn River, 22 Nov. 1907. 

9. PHRYSOBATRACHUS NATALEFSIS A. Smith. 
a. World’s View, Matopos, April 1908. 

b-r. Kana River, 20 Nov. ‘1907. 
8-5. Gwamaj-aya River, 13 R’ov. 1907. 

10. CASSINA SENEGALENSIS D. S: B. 
u. Kana River, 20 Xov. 1907. 

11. CHIROYANTIS XERAXPELINA Peters. 
u. Victoria Falls. 
This species was observed to change colour in diEerent. lights 

after the manner of a chameleon, though to less degree. 

RE PTILIA. 

C H E L O N I A .  

1. CINIXYS BELLIASA Gray. 

b, c. Essexvde, March 1909. 
“ Ufutu ’’ is the name apphed to all tortoises. 

2. STERNOTH~RUS NIURICANS Donnd. 
a. Near Gwamaynya Rive]., 22 Nov. 1907. 
3. Near Gwelo River, 24 Nov. 1907. 

3. TESTUDO PARDALIS Bell. 
a. Near Gwamayaya River, 23 Nov. 1907. 

u. Near Shangani River, Nov. 1907. 

E JI Y D 0 s  A u R I A. 

4. CROCODILUS NILOTICUS Laur. 
The crocodile is common in most of the rivers. 
‘: Ingwenya.” 

L A  c E R T I  L I  A. 

5. LYGODACTYLUS CAPEFSIS A. smith. 
a. Bulawayo, 24 Oct. 1907. 

6. HOMOPHOLIS WAHLBERUII A. Smith. 
a. World‘s View, Matopos, April 1908. 
b. Mazeppa Mine, Gwanda. 
The first example was obtained from a hole in  the trunk of a, 

tree ; the species is probably arboreal. 
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7, PACHYDACTTLUS BIBRONII A. Smith. 
a. Bulawayo. 
b, Springvale Farm, 16 miles S.E. of B~ilxwayo, 10 Jiine 1907. 
This is our commonest gecko ; i t  is usually fount1 in houses 

“ Amacanda-pobolo.” 
and huts. 

8, PACHYDACTYLUS AFFISIS Blgl.. 
a. Rhocles’ Park, Matopos, April 1908. 

9. AGAMA ACULEATA Merr. 
a. Bulawayo, March 1907. 
All our species of A g m m  possess the property, to :i greater ni 

10. AGAMA DISTAHTI Hlgr. 
This is the coniinonest Bgccma at Bulawayo. It runs about the 

ground during the lieat of the day, and a t  other times lives in  
holes, usually under stones, where its eggs are laid during 
October and November. 

less extent, of changing their colour. 

11. AGAMA KIRKII Hlgr. 
a, 2, ( 8, 9 ). Mt. Silozi, Miitopos, April 1908. 
c-e. Klitmi River, Oct. 1907. 
Lives among the rocks m i l  is coinmoiily found 011 granite kopjes. 

12. AGAMA ATRICOLLIS A. Smith. 
a-f. Bulawayo, Sept. 1907. 
Arboreal and common. 
“ Untulo.” 

13. ZOKURUS COI~DYLUS Linn. 
a. Bulawayo, 27 Sept. 1907. 

14. PLATYSAURUS GUTTATUS A. Sniitli. 
a-g ( d , 6 9 ). Mt. Silozi, Matopos, April 1908. 
h, i (2 $2 ). Colleen Bawn Mine, Uwanda, Dec. 1908. 
Found only on the granite kopjes where i t  is fairly c‘o111111011. 

15. VARAXUS ALBIGULARIS Daud. 
a. Bulawayo, 3 Feb. 1908. 
b. Ruliiwnyo, March 1909. 
Found aniong rocks on granite kopjes and idso on trees. 
4‘ Imbolu.” 

16. VARAXUS NILOTICUS Linn. 
(6. Huhwayo, April 1907. 
6. Yg. 
Almost entirely aquatic. 
‘‘ Uxamu.” 

Bulawnyo, 8 Marcli, 1908. 

PROU. ZOOL. sOC.-1909, N O .  XLI. 41 
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17. NCCRAS TESSELLATA A. Smith. 
(6-c. Bulawayo. 

18. ICHNOTROPIS LONGIPES Blgr. 
u. Bulawayo, 28 Sept. 1907. 
b. Khxmi River, Oct. 1907. 

19. GERRIIOSAURUS VALTDUS A. Smith. 
a. Art.  Silozi, Matopos, April 1908. 
€I. Empanclene, Aug. 1908. 
Lives among rocks on granite kopjes. 
‘ 6  Isiqusa.” 

20. GERRHOSAURUS FLAVIOULARIS Wiegm. 
a - e .  Rulawayo. 

Fairly common, may be seen running about the ground among 

‘* Isirliisa.” 

21. MABUIA QUISQUETBNIATA Licht. 
a,  b. Hellenvale Farm, near Hulawayo. 

(2-g. Colleen Bawn Mine, Gwanda Dist., Dec. 1908. 

Cjommonly found among boulders of granite kopjes. 

32. MABUIA VARIA Peters. 

h, c. Colleen Bnwn Mine, Gwanda Dist.. Dec. 1908. 

Found only on the rocks and on granite kopjes. 

23. A i A n u I a  STRIATA Peters. 

e , f .  Rhodeb’ Park, Matopos, April 1908. 
Usually seen on the walls of builclings, in the sun, catching 

“ Unbankma.” 

24. LYGOSOMA SUSDEVALLI A. Smith. 
(1. Bulawayo, 13 Sept. 1907. 

f. Empandene. 

the grass during the warm part of the day. 

c. Khnnii RiSer, Oct. 1907. 

h. Empanclene. 

a. Khami River, Oct. 1907. 

(2. Empandene. 

o-d. Hulawayo. 

flies. Very common at Bulawayo. 

R II I P T o o L o s s A .  

25. C‘HANZLEON DILEPIS Leach. 
25 A.  CHAMBLEON QUILENSIS Bocage (parvilobus Blgr.). 
Common, though not often seen on account ( J f  their assimilative 

“ Unwabu.” 
coloration to the surroanclings. 
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0 P H I D  I A. 

26. TYPHLoPs DELALANDII D. t B. 
(6, b. Bulawayo, 20 Oct. 1907. 

27. TYPHLOPS MUCRUSO Peters. 
a, b. Bulawayo. 
c, d. Matopos. 

Var. VARIUS. 

e-1. Bulawayo. 
Both varieties are very common at Bulawayo. 
“ Inyorka umshlaba.” 

28. GLAUCOXIA scumwoxs Peters. 
cc-h. Hulawayo. 
“ Insunula.” 

29. PYTHOX $EBB Gmel. 
u. Fdrt Usher, Matopos. 
b. Springvale Farm, 16 miles S.E. of Rulawayo. 
c. Syringa. 
Commonly found in the  hilly country. 
“ Inshlatu.” ’ 

30. BOODOS LINEATUS D. & B. 
a-m. Bulawayo. 

n. Shangani River, NOV. 1907. 
o. Gwamayaya River, Nov. 1907. 

31. LYCOPHIDIUM CAPESSE A. Smith. 
u-c. Bulawayo. 

(1. Metetsi. 
The Bulawayo examples represent formA of the  British Museum 

Catalogue, while the specimen from Metetsi agrees with B. 

32. SIYOCEPHALUS CAPENSIS A. h l i t h .  
a. Bulawayo, 13 Dec. 1907. 
b. Pilabusi. 
‘6 Inyaiida iznlu.” 

33. PSEUDASPIS CANA Linn. 
a. Yg. Bulawayo, Jan.  1908. 

34. CHLOROPHIS IRREGULARIS Leach. 
a. Victoria Falls, 16 Sept. 1908. 

35. DASYFELTIS SCABRA Linn. 
a, b. Biilawayo. 

41’ 
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36. TARBOPHIS SEMIANNULATUS A. Sniitli. 
a. Bulawayo. 

37. LEPTODIRA HOTAMBCEIA h u r .  
a. Mazeppa Mine, Gwanda, 1 Nov. 1907. 

38. TRIMERORHINUS TRITENIATUS Gthr. 
a-k. Bulawayo. 
Fairly common in the neighbourhood of Bulawayo. 
“ Umshlwazi.” 

39. PSAMMOPHIS SUBTBXIATUS Peters. 
a. Bulawayo, 18 Sept. 1907. 
h. Railway Terminus, Matopos, 6 J~ i ly ,  1907. 
The latter was caught in the act of swallowing a lizard 

40. PSAMMO~HIS SIBILAKS Linn. 
a, b. Bulnwayo, 5 Ang. 1908. 

(Aganza sp.). 

c. Swena’s, Gwamayaya River, 23 Nov. 1907. 
d .  Near Gwamayaya River, 24 Kov. 1907. 

41. THELOTORNIS KIRTLANDII Hallow. 
CL. Bulawayo, 21 May, 1907. 
b. Khami River, 21 April, 1900. 

c, d. Empanclene, Aug. 1908. 
“ Ukotikoti.” 
These specimens seem to combine characters of divisions A ant1 

B of the Brit. Mns. Catalogue, having the heads distinctly marked 
and the black blotches on the necks present. 

42. I)ISPIIOLIDUS TYPUS A. Smith. 
a-e. Bulawnyo. 
‘‘ Indlondlo.” 

43. APARALLACTUS CAPENSIS A. Smith. 
a. Bulawayo. 

44. ELAPECHIS QUESTHERI Bocage. 
(6. Bulawayo. 
B .  Deka, about 50 miles south of Victoria Falls. 

45. KAIA HAIE Linn. 
a-b. Bulawayo. 

c. Springvale Farm. 
cz. Railway Terniinua, Matopos. 

Blackish-brown examples, “ C ” of the Brit. Mus. Catalogue, 
are by far the most common, and the natives call them 
‘. Imamba.” This name is used by the Zulus for Deudmspis 
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angusticeps and it is evident that the Matxbele, who are of Zulu 
descent and migrated from Zululand some 50 years ago, have 
mistaken the dark variety of Naie h i e  for that species. 

Var. ANNULIFERA, Peters. 
6. Bulawayo. 
f(portion of skin). 15 miles south of Rulawayo. 

‘‘ Iluiiga.” 

46. NAIA NIQRICOLLIS Reinh. 
(6-c. Bulawayo. 

e, f, Deka. 
I know of several instances here of this species spitting at  

“ Ipimpi.” 

47. ASPIDELAPS SCUTATUS A. Smith. 
(6. Empandene, Aug. 1908. 

48. CAUSUS DEFILIPPII Jan.  
(6. Bulawayo, 9 Dec. 1907. 

49. BITIS ARIETANS Merr. 
(6. Bulawayo. 
Very common. 
“ Ibululii.” 

50. B m s  CAUDALIS A. Smith. 
a, b. Bulawayo. 

(1. Mnzeppa Mine, Gwanda. 

people who have attacked it. 

-- 

May 25, 1909. 

Dr. S. F. HARMER, M.A., F.R.S., Vice-president, 
in the Chair. 

The Secretary read the following report on the additions 
made t o  the Society’s Menagerie during the month of April 
1909 :- 

The number of registered additions to the Society’s Menagerie 
during the month of April last was 243. Of these 116 were 
acquired by presentation, 15 by purchase, 91 were received on 
deposit, 6 in exchange, and 15 were born in the Gardens 
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The number of departures during the same period, by death 
and removals, was 16 1. 

Amongst the additions special attention may be directed 
to :- 

One Burchell's Zebra (Epcus b?crchelli) 8 ,  from S.  Africa, 
presented by F. A. R. Zurcher, Esq., on April 1st. 

One Eland (Taurotragus oryz) d , born in the  Menagerie on 
April 3rd. 

One Cape Ant-bear (Orycteropzis capensis), from 8. Africa, 
purchased on April 17th. 

One Black-fronted Bulbul (Pycnonotus nigricans) ; one Recl- 
capped LnrkJTephrocorys cinerea), presented ; and two Levaillant's 
Harbets (Trmhyphonus cafer), new to the Collection, one Martial 
Hawk-Eagle (Spizaetus bellicoszcs), deposited with other S.  African 
Birds by Major Boyd Horsbrugh, F.Z.S., on April 15th. 

Mr. J. Lewis Bonhote exhibited an example of a tetragen duck, 
which he had bred in his Aviaries, containing Wild Duck 
(Anas boschas), Spot bill (Anas pmilorhyncha), Australian Duck 
(Anrcs superciliosa), and Pintail (Oafla amta). This bird was of 
the F2 generation, i. e., it had been bred from brother and sister 
and was remarkable in that, to all outward appearances, it was 
almost indistinguishable from a pure bred Wild Mallard. 
According to Mendel's Law it was to he expected in  theory that 
such a bird should appear, but in practice the chance of all the 
Mallard characters appearing in any one individual was very 
remote, and the fact that they had all appeared in this bird was a 
striking confirmation of the truth of Mendel's Law even in a very 
complicated case. 

The only difference to be noted between this bird and the pure- 
bred Mallard was the rather more defined and Pintail-like vermi- 
culations to the flank-feathers. 

Mr. Bonhote also exhibited a pair of pentagens of the F, 
generation. These contained the blood of the following species : 
Anas boschas, A .  pczcilorhyncha, A .  stcperciliosa, A .  melleri, and 
D@la m t a .  As yet they showed no 'tendency to infertility, but 
on the contrary proved more fertile than several less complicated 
crosses. The matter had become too much involved to draw any 
deductions from their plumage, but it would be noticed that the 
Mallard seemed to predominate. They were interesting, however, 
as showing to what extent cross-breeding could be carried among 
certain species, the hybrids proving fertile to at least the 4th 
generation since the last cross with a pure species. 

Many hybrids, as was well known, were unfertile, but with those 
that proved fertile in the first generation, infertility was generally 
reached in the 3rd generation (FJ-that is to say the 3rd 
genedtion from the last cross with a pure species ; in some cases, 
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however, the F, generation proved fertile, but as yet no young of 
the F, generation had been reared. 

Infertility was usually accompanied by loss of colour. 

Pedigree of birds exhibited. 
s 

M X S  P X M  
1 
I 

MS x P N  

M x S  P x M  
I 

PMS x z 

3rs x PM I 
PMSZ x P518Z X Mell. M 

I I I 
PMS 

F, 

I I l l  P, 206 X 208 209x210 M* PMSZ hlell. 
I 

I I I  - I  
F,a% x 231 232 x 227 

F, Unfertile. 6 young. 6 gens. 3. 6 pen% 0 .  
I 
I I 

I 

None reared. 
* Apparently. 

(Those unilerliiied were the kpecimeiis exhibited.) 

, Mr. L. Harding Cox, F.Z.S., exhibited a living specimen of 
the Amblystome or transformed Axolotl, and drew attention to 
the following distinguishing points of the terrestrial batrachian, 
viz. : alteration in dentition, possession of lungs and eyelids. 
absence of gills and crest, a id  variation in colour. 

Mr. Lydekker exhibited the photograph (text-fig. 182,.p. 600) 
of a young Stag from Sikhim, now living in Nepal, whlch had 
been lent by Mr. David Ezra. This photograph Mr. Lydekker 
believed to represent the Shou (Cervzcs af ink);  and if so, it 
was the first picture of that deer which had been submitted 
to the Society since Brian Hodgson's time. The stag depicted 
is noticeable on account of its large ears, thick mane, large 
rump-patch, and rather short, thin tail. It is in winter coat; 
and the general colour is approximately the =me dark Frown 
as that of the Hangul (C. cashmz'riwwzes), while the rump-patch 
is'white, as in the latter. In the large size of this rulnp- 
pztch, as well as in the big ears, the Sikliim deer is, however, 
decidedly Wapiti-like. 



600 MR. R .  LYDEKKER ON TEE SKULL-CHARACTERS ;May 25, 

The photograph agrees fairly with a picture of R. young stag in  
Hodgson’s sketches, which is proba.bly also in the winter coat. 
A sketch of a s t a g  in the same series is redder, with no distinct 
rump-patch, and may represent the summer coat. 

Text-fig. 182. 

Young Shou Stag, from II photograph lent by Mr. I). Rzrn. 

The following papers were read :-- 

1. On the Skull-Characters in the Southern Sea-Elephant. 
By R. LYDEKI~EI~ *. 

[Received Mny 16, 1909.1 

(Text-figures 183-1 85.) 

The distribution of the Southern Sen-elephant (for which, 
following Sir W-. H. Plower t., I retain the name Mucrorhinzis 
Zeoni?$us, despite the objection that may he raised against the 
origiii of the generic designation) suggests the existence of several 
local races. The spwies occurs, for instance, on the island of San 
Juan off the coast of Chile, and in the Falklands ; and it is quite 

* Commumcated by permission of the Tiustees of the British M u w m .  
t I’roc. Zocl. SOC. 1881, pp. 145 s t  sepp. 
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concei mble thnt the same race may inhabit these two localities. 
On the other hand, it is scarcely likely that Elepliant-seals would 
migrate from the Falklands to Tristan d’Acunlla on the African 
hide of the South Atlantic ; and it is therefore probable that the 
representatives of the species from the latter island are racially 
distinct. The same remark will apply to the Elephant-seals of 
the Kerguelen, Crozet, and Heard groups in the south of the 
Intlisn 0ce:m ; while yet another race is probably represented 
by those inhabiting the Macquarie and Chatham groups in the 
Xew Zealand seas. 

The idea that there may be several local forms of Sea-elephant 
is by no means new. It wm adopted, for instance, by Dr. J. 
E. Gray on page 180 of the fifth volume of “Gri6th’s Cuvier,” 
1827 ; the Mmquarie Island form being designated M. proboscidea, 
while the name Macrorhino patagonico was proposed for the 
Falkland race, and Desmarest’s titles aiasoiai and byroni were used 
respectively for the Sea-elephants from Juan Eernandez and the 
Tinian Islands, the latter being in the Ladrone group, north of 
Australia. Again, in the Moiaatsbericht of the Berlin Academy 
for 1875, p. 395, Dr. ‘Karl Peters proposed the name filclandica 
for the Falklmd, ancl kerguski~sis for the Kerguelm race. 

As regards these various names, it mny be mentioned that the 
Phoca leonin&x of Linnzus is based on a specimen brought from 
Juan  Fernandez by Lord Anson in 1744, which was exhibited for 
many years in the British Museum. All t h a t  now remains of this 
type-specimen is the anterior portion of the jaws, which is pre- 
served in the Mubeurn of the Royal College of Surgeons, where it 
was transferred in 1809 *. The specimen is too incomplete to give 
:my idea of the distinctive skull-characters of the  typical Juan 
Fernandez race. 

Of this race, namely M. k07LilLtLS typicus, Peron’a Z’hoca probos- 
ciclen ancl Desmarest’s awoni are synonyms. 

Wi th  regard to Gray’s patagoisicrc, this WRS founded on a young 
skull figured by F. Cuvier t, which is stated by Gray to be convex 
with the brain-cavity more extended and the nasal region shorter 
than in :‘ A/. peronii,” while the cutting-teeth number only 4. 
This, owing to the immaturity of the type, I regard as an  in- 
hnflicient description. On the other hand, the fwlclcmdica of 
Peters, based on the specimen figured in Pernetty’s ‘‘ Histoire 
tl’un Voj7age aux Isles Malouines, fait en 1763 et  1764, asec des 
Observations sur le DBtroit de Magellan et sur les Pahgons,” 
appears to be valid ; and the name M. 1. falclondico is therefore 
available for the Falkland Sea-elephant, if this be distinct from the 
typical race. The M. kergueleiwis of Peters cannot be regarded 
:IS more than R itonaeia nt~dz~na, and the  same is the case with 
1)esmarest’a P .  byroni, even if an  Elephant-seal occurs in the 
Lhlrones. There is also the Phocw elephanlisia of Molina, but 

* See Flower and Garson, “ Cat. Osteol. Specimens, Mus. R. Coll. Surgeons,” 

t .JIBm. Mun. Paris, iv. pl. xiv. fig. 2. 
pt. 2. p. 217. 
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this evidently relates to the Chilian species subsequently described 
as M. amgwtirostris. 

Text-fig. 183. 

Palatal aspect of skull of Yale Falklarirl Sea-Elephaiit. About + nat. sire. 
From specimen in Museum of R. College of Snrgeons. 

After this much of introduction, I turn to the proper subject 
of this comniunication, wliich relates to skulls of the southei~~  Sea- 
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elephant now in the British Museum, These include two males 
from Macquarie Island presented by the Hon. Walter Rothschild, 
a mrtle from Chatham Island obtained by Professor H. 0. Forbes, 
a female from the “ Antarctic Seas ” obtained during the voyage 
of the ‘Erebus’ and the ‘Terror,’ and a male from the Crozet 
group. With these, by the courtesy of Dr. A. Keith, I have been 
able to compare an old male skull from the Falklands preserved 
in the Museum of the Royal College of Surgeons, being the one 
on which the above-mentioned paper by Sir W. H. Flower is 
based. 

I n  comparing these skulls I find that the most satisfactory 
distinctive characters are afforded by the palatal surface, and it 
is to this aspect that attention will be chiefly restricted. 

Great difference obtains in regard to the proportions of the 
length to the width of the skull in the different local forms, as is 
shown in the following table :- 

Fslkland. Macquarie. Crozet. Chatham. 
Basal length ... . .. ... 20 ins. 18 ins. 16.5 ins. 16.3 ins. 
Maximum width ... 15 14 14 11.7 
Length of palate ... 11 9.5 9 8.5 
Width of do. ... 7.3 6.3 6-5 6.1 
Takiug first the Falkland race, which, as already mentioned, 

may be identical with di. 1. typicua, but which it will be convenient 
to call iV. 1. fmlclmadicus, the skull (text-fig. 183) isi characterised by 
its relative length and narrowness. The palate is also long and 
narrow, nearly flat in the palatine region, but becoming suddenly 
hollowed on the line between the 4th and 5th cheek-teeth. The 
palatines themselves form a long median suture ; the process of 
the pterygoid is small; and the premaxills are long, and 
V-shaped. As additional features may be mentioned the relative 
narrowness of the condyles, and the circumstance that the lower 
border of the anterior zygomatic root projects considerably behind 
the posterior aperture of the maxillary foramen. 

A second skull in the Museum of the Royal College of Surgeons 
from the Falklands agrees in essential characters with the above. 

Turning to the two Macquarie skulls, which are practically 
identical, we find the general proportions not very different from 
those of the Falkland specimen, but the palate (text-fig. 184, 
p. 604) is much more hollowed*, and this throughout its whole 
extent. Then, again, tho inter-palstine suture is shorter and the 
pterygoitl process much larger ; while the condyles are wider, and 
the lower border of the anterior zygomatic roof does not project 
behind the hind aperture of the maxillary foramen. 

For the Macquarie race, as typified by the figured skull (B. M. 
No. 1.6.22.1), I propose the name M. 1. w~cccpuccrie~isis. 

The natuid supposition would be that the Sea-elephant froin 
the Chatha~n Islands would he identical with the one inhabiting 
the Macquaries ; and this appears to be borne out by a skull of 

* I use the term holloweil i:i place of ranltcd a3 being inore convenient. 
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the former in t)lie British Museum (No. 94.11.17.1), which is that 
of a yoiing male. Its dimensions nre given in  the fourth column 
of the table. This skull agrees in general characters with the two 

Text-fig. 184. 

Pnlatnl aspect of skull of Male Macquarie Sen-Elelihant. About f nHt. size. 
From a spcciine:i in the British Museam. 

Macqnarie specimens, but differs by the much less deep incision of 
the central portion of the supmoccipiti~1. Since, however, this is 
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a feature which map apptrently be due to immaturity, I associate 
the specimen with the Macquarie race. 

Text-fig. 185. 

Palatal aspect of skull of Male Crozet Sea-Elephant. About + nat. size. 
From n specimen in the 1hitie.h Museum. 

Coming to the Crozet skull (text-fig. 185), this is shown by the 
table of measurements to be broadly distinguished from the two 
preceding races by its shortness arid width ; the maximum 
zygomatic width being equal to that of the skull of the Macquarie 
race which is 1 .$ inch longer, while the palatal width of the Crozet 
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actrdly exceeds that of the Macquarie skull. To this diff’erence 
may be added the almost complete flatness of the palate, the 
longer inter-palatine suture, the much more slender pterygoid 
process, the U-shaped palatal aspect of the premaxillze, and the 
extremely narrow condyles. 

For this race as typified by the figured skull I suggest the 
name M. 1. crosetemis, of which Peters’ undefined iW. kerguelelzsis 
is probably a synonym. The immature ‘ Erebus ’ and ‘ Terror ’ 
skull, said to be that of a female, may belong to this race ; the 
greater prominence of the tympanic region as compared with 
the Crozet specimen, being not improbably a feature due to 
immaturity. 

As the result of the foregoing comparisons, our information with 
regard to local races of the Southern Sea-elephant, as definable 
from skull-characters (and, with the present material, I can fincl 
no others of any value), may be summarised as follows :- 

1. Mucrorhinus leoninus typicus. 
Skull unknown. 
2.  df. 1. fulclu~dicz~s. Falkland Islands. Perhaps inseparable 

Skull long and narrow; palate flat behind and hollowed ill 
palatine suture long ; pterygoid process small ; palatal 

Juan Fernandez. 

from typical race. 

front ; 
aspect of premaxilla V-shaped. 

3. M. 1. mcwquuriensis. 
Skull of the same general type as in the preceding, but the 

palate markedly hollow throughout, the palatine suture shorter, 
and the pterygoid process longer. 
4. iV. crosetensis. Crozet and (?) Kerguelen and Heard 

Islands. 
Skull short and wide, with the palate almost flat, the pterygoid 

process very slender, the premaxills U-shaped, and the condyles 
narrow. 

I n  addition to these there may be a distinct race inhabiting 
Tristan d’Acunha. I know nothing of the Sea-elephants of the 
South Shetlands. 

Although the Californian Sea-elephant (M. angustirostris) does 
not properly come within the purview of the present communi- 
cation, I may take the opportunity of mentioning that the fore 
part of a skull a t  present in the British Museum shows such 
difference in the palatal r&ion from all the races of the Southern 
form, that on this ground alone the Southern and the Northern 
Sen-elephants appear entitled to be regarded as specifically 
distinct. 

[Since this paper was read Mr. Rothschild has informed me 
that he has evidence to show that the San Juan and Chilian Sea- 
elephants are identical, and that migration fornierly took place 
between the San Juan and the Guadaloupe Island animals. If 
this be so, I presume ulzgwtirostris would be regarded as a 
synonym of leoni?tus, while fulclundicm would become the 
substantive name for the Southern species.] 

Macyuarie and ( B )  Chatham Islands. 

Coiidyles wide. 

This race is said to be the largest of all. 
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2. O n  the Skull of a Black Bear from Eastern Tibet, with a 
Note on the Formosan Bear. By R. LYDEKKER *. 

[Received May 1, 1909.1 

(Text-figures 186 CP: 187.) 

On page 198 of the ‘Fauna of British India:  Mammalia,’ 
Dr. Blanford states that the Himalayan Black Bear is unknown 
in Tibet j and it is for that  reason he employed for the species 
the name Ursus torqtztatus instead of U. tibetanus (or thibetantts, 
its it is spelt by F. Cuvier). 

The British Museum has, however, the  skull of a female of 
this species from the mountains of Sze-chuen, which was collected 
by Berezowsky and obtained by exchange with the Tring Museum 
in 1896. This, of course, is no proof that the species occurs in 
Eastern Tibet itself, although it affords a strong presumption 
that such may be the case. Decisive evidence on this point is, 
however, afforded by the skull and skin of an  old and presumably 
male bear of this species shot by Captain Malcolm McNeill, some 
distance to the westward of Ta-chien, i n  Eastern Tibet, which 
have been submitted to me for determination. The skull has been 
secured for the Museum. The skin, which is in  winter coat, 
differs from that of any Himalayan specimens of U. twquatus 
that  have since come under my notice-and I have handled a 
good many-by the  greater length and softness of the hair. The 
skull (text-fig. 186 A, p. 608), as compared with a full-grown 
and probably male, but rather younger, Himalayan specimen of 
the same approximate length (text-fig. 186 B), is characterised 
by the much smaller size of the cheek-teeth, as will be apparent 
from the following measurements and the accompanying text- 
figures. 

Himslayan. Tibetan. 
Basal length of skull ..................... 10.15 ins. 9.9 ins. 
Maximum zygomatic width of do. .. 6.5 6.7 
Length of last 3 upper cheek-teeth ... 2.6 2.13 

,, ,, upper molar ............ 1-3 0.98 

Length ,, ,, 3 lower cheek-teeth ... 2.7 2.1 8 
,, ,, lower molar ............ 0.8 0.61 

Length of penultimate lower molar ... 0.9 0.8 

W&h ,, ,, ,, ,, ............ 0.7 0.6 

W&h ,, ,, ,, ,, ............ 0-6 0.42 

I n  this table it will be noticed that the Tibetan skull is rather 
broader, both actually and proportionately, than the Himalayan 
specimen. As regards the cheek-teeth the most important feature, 

* Coininunicated by permission of the Truetees of the British Museum. 
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next to the conspicuously smaller size of the last three, is the 
narrower form of the third lower molar of the Tibetan skull 
which consequently, as shown in text-figure 187 A, appears to be 
both longer and narrower than the corresponding tooth in the 
qimxlayan specimen. 

i 

-h 
c 

u; 

es' oc 
4 

i 

I n  the  skull of a female Black Rear from Assam recently offered 
to the Museum the cheek-teeth are of practically the same size 
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as in the Tibetan specimen, but the palate is much wider, as is 
shown by the following measurements :- 

Tibet. Assam. 
Length of six upper cheek-teeth ...... 3.9 ins. 3.9 ins. 

Width of palate between m 2 . . . . . . , . . 
This relative narrowness of the palate in the Tibet skull is 

borne out by the above-mentioned female skull from Sze-chuen, 
in which the length of the space occupied by the last three cheek- 
teeth is 2.3 ins., while the palatal width between rn 2 is only 1.25. 
As the Sze-chuen skull certainly belongs to the same race as the 
one from Tibet, and as its teeth are rather larger than those of the 
latter (in which the palatal width between n a  2 is 1.55 inches), it  
indicates that the narrowness of the palate in the female is quite 
as important a feature of the Tibetan race as is the small size of 
the cheek-teeth and the relative narrowness of the third large 
molar in the male. I n  both sexes the palate is distinctly vaulted, 
whereas in the typical Himalayan race it is nearly flat. 

,, last 3 upper cheek-teeth ... 2.1 2.0 
1.5 1.7 

Text-fig. 187. 
A. B. C. 

Palatal aspect of the lower jaws of the same three skulls. About t nat. size. 

These features seem to justify the recognition of a distinct 
Tibetan race of U. torpatus, for which the designation U. t. 
mm.meiUi will be appropriate, the male skull forming the subject 
of the present paper being the type. 

Now that the Himalayan Black Bear has been shown to occur 
in Tibet and Sze-chuen, it might be argued that the time has come 
for the re-instatement of the name tibetanus ; but since the typical 

Lettera as in text-fig. 188. 

PROC. ZOOL. SoC.-1909, No. XLII. 42 
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race is Himalayan, it appears to nie that it will be best to follow 
Dr. Blnnford's usage and retain the name U. torquatus. As I 
have on a previous occasion shown that the Rrunng (U .  muluyantcs) 
ranges into Sze-chuen *: we have now evidence of the occurrence in 
that province of two species of Black Bears. 

Before concluding, I may refer to the type skull of U. formosunug 
of Swinhoef, which is contained in the British Museum Col- 
lection (No. 70.2.10.9). That thisskull indicates a bear specifically 
identical with U. torquatus appears to me indisputable-in the 
sense in which I regard species. At  the same time, it is so much 
wider and shorter than the skull of U. torquatus typicus that it 
must, without hesitation, be regarded as representing a distinct 
race, with the designation U. t .  formosunus. This will be apparent 
from the following measurementv :- 

typicus. furmosanut~. 
Basal length of skull ..................... 10.15 ins. 9.1 ins. 
Maximum zygomatic width of do. ... 6.5 6.95 
Length of last 3 upper cheek-teeth . . . 2.25 

The Formosan skull (text-fig. 186, C) is distinguished, moreover, 
by the absence of any distinct bevelling away of the outer side of the 
talon of the last cheek-tooth, which in consequence has nearly parallel 
sides. The last lower molar (text-fig. 187, C) is broad and short, 
so that it appears more rounded than the corresponding tooth of 
typicus, and thus very different from that of mcmleilli. I n  its 
shortened and wider form the skull of U. t .  fm~osunug makes a 
slight approximation to that of U. mduyanus, which, however, i R  
broadly distinguished by its still greater expansion, the excessive 
size of the palate, and the smaller cheek-teeth, more especially the 
last. 

2.6 

3. The Anatomy of the Olfactory Organ of Teleostean Fiehes. 
By R. H. BDRNE, M.A., F.Z.S. 

(Text-figures 188-213.) 

[Received Mag 10,1909.] 

The coarse anatomy of the olfactory organ in the Teleostean 
Fishes seems to have received too little attention. Reference to 
the leading old arid modern text-books (Milne-Edwards, Owen, 
(+unther, Cambridge Natural History, Parker and Haswell, 
Wieclersheim, Gegenbaur, dsc.) leaves the general impression that 
apart from a few isolated cases, the organ is remarkably constant 
;md consists of a pair of simple concavities upon the fore-part 
of the face opening to the exterior by a pair of nostrils and each 
conhiiiing a group of olfactory lamime arranged rosette-wise 

* V i d e  P. Z. 8. 1906, p. 907. 
t Ihid. 1864, p. 380. 
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above the termination of the olfactory nerve, such variation as 
occurs being mainly confined to details of the nostrils. 

Although this impression is no doubt in part due to the natural 
tendency of text-books to lay too great stress upon the condition 
found in the usual teaching type which in this mse is generally 
n Gadid, a study of the original papers dealing with this particular 
organ shows that the work done upon it has been neither large 
in amount nor particularly extensive in scope. 

The following is, I think, a fair statement of the present state 
of our knowledge of the coarse anatomy of the Teleostean Nose, 
nnrl of the chief sources from which it is derived :- 

Owen * and Milne-Edwards t mention that in the Mackerel 
and dnarrhichas there are certain accessory nasal sacs 
in connection with the true olfactory chamber which 
act as compressible reservoirs by means of which, as 
in the case of the pituitary cecum of the Lamprey, a 
current of water is driven through the olfactory 
chamber by the movements of the jaws and. opercula in 
respiration. 

1876. Sophie Pereyaslawzeff 2 published a preliminary paper on 
the olfactory organ of Fishes, and in it described in 
detail the coarse and fine anatomy of Solea hzpar and 
Lophius piscatorius. The full paper seems never to 
have appeared-a matter for regret, for from the list 
of genera ancl species mentioned in the preliminary 
paper as the material upon which the work w a b  clone, 
it would evidently have been a valuable contribution to 
the subject. 

1884. Blaue 5 in a most important paper on the olfactory mem- 
brane in Fishes and Amphibia gives short descriptions 
of the coarse nnatoniy of the olfactory pit and rosette 
in several species of Teleostei. The descriptions so f a r  
as: they go are good, but as they are incidental to the 
true subject of the paper aid only deal with the anatomy 
60 far as it is necessary for the purpose in hand, they 
are naturally imperfect. However, in this paper there 
is a certain amount of inforination upon the form of the 
olfactory chamber arid rosette in Belone, Exocetus, 
Trigla, Esox, L'nehra, C o t t w ,  Gohius, Gadics. 

1887. Wietlersheiin I/ writes a full and interesting account of a 
series of stages in the degeneration of the olfactory 
orgccn of Plectognatlis, tracing its transformation from 
a simple concavity of the normal type to the condition 
of a split tentacle in which the olfactory nieinbrnne is 
fully exposed. The species described are Tetrodon 

* Annt. Vertehrnteb, \ol. i. p. 329. 
t Legoils stir In. Plrj siol. T. \i. 1874, p. 475. 
+ Inat~g.-dicsert. Zhricli. 1876. $ Arch. f .  Aiiat. 1884, p. 241. 
1 1  Festschrift v. Kolliker, 1887, p. 73. 

42* 



619 MR. R. tl. BURNE ON THE ANATOMY OF THE [May 25, 

nigropunctffitus, I'. inznaaculatus, T. pffipua, T. pardffilis 1 and Biodoiz naaculatw. 
The same subject has been treated by Tate Regan 

(Proc. 25001. SOC. 1902, vol. ii. p. 292). 
1889. Bateson * in a paper on the sense-organs and senses of 

Fishes, bevides some highly interesting physiological 
riotes which will be referred to more fully later on, 
gives details of the structure of the nostrils and olfactory 
rosette in various common species of Fishes, pointing 
out (1) the tubular character of the anterior nostril in 
the few fishes that hunt their food by scent (Motella, 
Cobitis, Solea, Conger, Anguillffi, Lepidogoster), ( 2 )  the 
valvular mechanism of the posterior nbstril in certain 
Flat-fishes, (3) the main types of skructure of the 
rosette-elongated (Eels), oval (the majority of Fishes), 
or circiilar (Cottus), and an exceptional type in which 
the leaflets are arranged in parallel series in a single 
row (Pleuronecles, ~ippog~ossus).  

1894. Solger t briefly describes the olfactory chamber of the 
Stickleback, stating that the nostril (as in many 
Pharyngognaths) is single and that the olfactory 
chamber proper is extended downwards to the buccal 
membrane by an accessory sac lined with indifferent 
epithelium and by its alternate expansion and con- 
traction synchronously with the respiratory movements 
musing water to flow in and out of the true olfactory 
part of the cavity. 

1899. Kyle 2 describes in several species of Pleuronectids (Hippo- 
glossua, Pleuronectes, Rhondus, Solea, Cynoglossz~s) 
accessory nasal sacs in connection with the true olfactory 
chamber and lays stress on the fact that in these Fishes, 
with the exception of Solea and Cynoglossus, the sacs 
secrete mucus and are not simple reservoirs for producing 
water-currents by their alternate expansion and contrac- 
tion. He mentions, however, (but without description) 
that such simple reservoir sacs do occur in several 
other families (Rlenniidze, one sac ; Labridze, one sac ; 
Scorpsnids, two w), and concludes generally that 
accessory sacs are confined to semi-sedentary as opposed 
to migratory Fishes. 

H e  further describes, and this forms an important 
part of the paper, a direct and apparently normal 
connection between the accessory sacs and the mouth 
in a single specimen of Cynoglossus. 

In addition to the above papers which deal entirely or mainly 
with the nose, descriptions of this organ in isolated genera are 

* Journ. Marine Biol. Ass. vol. i. 1889, p. 229. 
t Zeits. Wiss. 2001. Bd. lvii. 1894, p. 186. 
2 Journ. Linn. Sot. vol. xuvii. 1899. p. 641 
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probably to be found scattered about in monographs, dealing 
with special genera. The only one, however, to which I am able 
to refer is the detailed description of the olfactory organ of the 
Plaice by Cole and Johnston *. 

Some few years ago when a Catalogue of the Sense-organs 
in the Museum of the College of Surgeons was in preparation, 
my attention was directed to this subject of the anatomy of the 
Fikh nose, and from the few dissections then made it soon became 
apparent that variations upon the fundamental ground plan are 
far more numerous and geneid than the ordinary sources of 
information would lead one to suppose. Since then I have 
collected notes upon this subject, as occasion offered, and in doing 
so have kept four main objects in view :- 

( I )  To see how far the fundamental part of the olfactory 
organ (a concavity in the face, containing an olfactory 
rosette) is constant in its form and in its positiomelative 
to the bones of the skull. 

(2) To see how far the variations observed accord in their 
occurrence with authoritative systems of classification and 
so are to be regarded as of taxonomic importance. 

(3) To explain so far as possible the action of such vai*iations 
of structure as appear to be of functional importance. 

(4) To see if any connection can be traced between variations 
in the nose and the general habits of the Fish. 

The Fishes dissected belong to 32 families and 51 gedera, 
representing to some degree most of the larger divisions of the 
order. They are mostly the common Fishes of the mqket, 
supplemented by some exotic forms from the College stores, 
for the identification of which I am much indebted to Mr. 
Boulenger, F.R.S. I n  the following descriptioni the Fishes have 
been arranged in order according to Boulenger's system in the 
Cambridge Natural History, with the exception of the Ana- 
canthini which have been taken first, out of their proper place 
in order that the simple unspecialised nose of the Haddock maj 
serve as a standard of comparison for the rest. 

-. 

A N A  C A N T H  I N  I. 

GADIDAL 

G'adzcs cegle3ms (text-figs. 188 & 189). 
The nostrils (text-fig. 188, A, p. 614) lie in front of the orbit 

i n  an area of soft skin bounded above by the nasal and frontal 
bones and below by the lachrymal. A line passing through both 
slopes from in front downwards and backwards at  an angle of 
about 45' to the horizontal. The anterior nostril is circular and 
bordered by a low tubular lip elevated posteriorly to form a hood- 
like flap, by which in forward progression water would be deflected 

? L. Y. B. C. Memoin, No. viii. Pleuronectea. 1901. 
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into the nostril. The posterior nostril is larger than the anterior 
and of more oval shape ; it is bordered by n low lip. Between the 
two is a namow bridge of skin. The nostrils open into either 
end of a pit (olfactory chamber) which is oval in surface-view but 
semicircular in vertical section (text-fig. 188; B). The cavity 
of the pit is almost completely filled by a series of leaflets (the 

Text-fig. 188 *. 

YR. R. H.  BUWNE ON THE ANATOMY OF THE 

A 

Badus Ceglqfinus. 

A. The relation of thc 1:ostrils to the superficial bonrs of the face. 
B. Diagrnm of olfactory cbamber in longitudinal section. 

olfactory laminse) arranged radially along the sides and posterior 
end of a linear axis which in front is attached to the anterior lip 
3f the anterior nostril. The lamins are attached to the axis and to 
the floor and a considerable extent of the side walls of the olfactory 

* For cxplanntion of abbreviations in the text-figures see p. 663. 
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( G .  merkcnqus), the olfactory organ differs only in minute details 
from that of the Haddock. For instance, in the Whiting the 
nostrils are relatively further apart and smaller, and the flap 
upon the hinder edge of the anterior nostril is not quite so high. 

Motella tricirmta. 
The olfactory organ, though formed upon the same plan as in 

the above described Cadids, differs in the following particulars :- 
The nostrils :me relatively smaller, more widely separated and 
sitimtecl nearer the extremity of the snout, the anterior being not 

Text-fig. 190. 

B 
Xotel la tricirrn tn .  

A. Shape aid povitioii of the olfactory chamber. 
B. Diagram of cross sectioii of the rosette. 

fai* removed from the upper lip. The vrtlvu1:w posterior border 
of tlie anterior nostril is modified to form a long tentacle, a 
circumstance that no doubt partly explains the forward position 
of the nostril. The olfactory chamber and rosette have a long 
oval form in rtgreement with the greater distance between the 
nostrils. The peripheral segments of the leaflets of the rosette 
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are but slightly developed, leaving smooth an appreciable men of 
the floor of the olfactory chamber around the rosette. 

The relations of the olfactory chamber to the skull are also 
peculiar (text-fig. 190). It lies above the head of the maxilla, and 
is thus far in advance of its usual position in the hollow of the 
ethmoid, although the foramen in which the olfactory bulb lies 
perforates the lateral ethmoid a t  the usual spot. Ah olfactory 
nerve of unusual length is in consequence interposed between the 
bulb and the rosette *. 

The abnormal position of the olfactory chamber may be partly 
explained, as suggested above, by the fact that the tentacle 
developed in connection with the anterior nostril would be most 
advantageously placed near the extremity of the snout, but it is 
also in part due to a shortening of the skull between the orbit 
and the maxillary process of the palatine. 

Mevluccizcs vulgaris. 
The nostrils occupy much the same position t ~ s  in the Haddock, 

but are set quite close together, like those of the Salmonidee, which 
in fact they closely resemble. The anterior nostril is circular, the 

Text-fig. 191. 

N S .  
I 

// 

Morluccius nulgaria. 

Position of olfactory chamber and nasal sac. 

posterior nostril creaceiitic and embracing the anterior with its con- 
cavity ; both nre wide open. There is no upstanding flq upon the 
hinder margin of the anterior nostril, but the integument between 
the two is prolonged into the cavity of the olfactory chamber, 
forming a curtain (as in the Salmonid%) to conduct water 

I t  inny be noted that here, and in all other cases observed, the olfactory nerve i s  
very considerably larger than the tract by which the h l b  in counected to the brain. 
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entering through the anterior nostril into the heart of the 
rosette. 

The olfactory chamber occupies a similar position relative to 
the bones of the skull, a q  in the Haddock, but slightly lower down, 
so that its lower border rests upon the retractor of the maxilla. 
(text-fig. 191, p. 617). Its anterior pr t ,vent ra l  to the rosette, is 
produced forward to form an  accessory sac that passing forward 
deep to the dorsal parts of the lachrymal bone dips beneath t h e  
maxillary process of the palatine into the space included between 
this bone, the head of the maxilla, and the vomer. 

The cavity of the olfactory chamber and accessory nasal sac 
was filled with an  unusually large amount of mucus. Apart from 
a mucus-secreting function, it seems highly probable from its 
position that this nasal sac would act aa an  aspirator bulb, being 
compressed both by the movemenh of the head of the maxilla 
and by the swelling of the jaw muscles upon and near which it 
lies. This action must, however, be slight at the best, for no 
bubbles escaped from the nostrils when the jaws were forcibly 
closed under water. 

The rosette is cixGular and is composed of about 28 laminre, 
each of which is transversely pleated and has a claw-like outline 
due apparently to an  exaggeration of the liriguiform process and 
the almost complete suppression of the peripheral segment. 

Sc Lntmury. 

I n  the Anacanthini examined (Gadidre) the olfactory organ 
is of a simple type and shows great uniformity. It is, in brief, 
a hemispherical depression, opening to the exterior by two 
nostrils and containing a rosette of laminre for the lodgement 
of the olfactory epithelium through which a current of water is 
deflected during forward locomotion by an upstanding flap upon 
the hinder border of the  anterior nostril. The Hake stands 
apart from the other examples not only on account of its nostrils 
and rosette which are of a different, somewhat Salmonid, type, 
but also by the possession of a well developed nasal sac accessory 
to  the  true olfactory chamber. The modifications in the Rockling 
are of minor importance brought about apparently by changes 
external to the olfactory organ rather than in thnt organ itself. 

M A L A C  o P T E R Y  GI I I. 

SALMONIDE. 
Salmo aalar. 

The nostrils lie close together (text-fig. 192, A) upon a level with 
the top of the eye and about halfway between it and the snout-- 
the posterior in close connection with the central of the three 
anterior circum-orbital scutes. Both are elongated dorso-ventrally, 
the anterior being a narrow slit, the posterior more oval. The 
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bridge of skin between the two is raised to form an upstanding 
flap and is also prolonged into the nose cavity nearly to its floor 

Text-fig. 192. 

Salmo aalar. 

A. Position and form of nostrils, olfactory cavity, and nasal sac. 
B. Diagram of nostrils, olfactory chamber, and nasnl sac in longitndinal section. 

(text-fig. 192, B), forming a pliant curtain to conduct water entering 
by the anterior nostril through the laminae of the rosette. 

The olfactory chamber occupies the usual position in a hollow 
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in the ethmoid cartilage, but its parts posterior to the rosette 
are extended beneath the three anterior scutes of the circum- 
orbital ring, forming a laterally flattened accessory nasal sac pro- 
longed above and below along the anterior contour of the orbit 
(text-fig. 192, p. 619). This accessory sac is bounded by the orbital 
ring extei-nally, by the ethmoid and palatine bones and cartilages 
internally, by the adipose eyelid posteriorly, and by a pad of 
fat lying on the buccal membrane in front. When the maxilla 
is retracted towards the eye the cavity of this sac is compressed 
by the pad of fat. 

The rosotte is attached to the floor of the olfactory chamber 
directly beneath the nostrils, and is composed of from 12-14 
transversely pleated clrtw-shaped lamina that radiate from a 
short central raphe attached anteriorly to the front wall of the 
anterior nostril. 

The posterior lamina of the series are far larger than the 
others and project freely into the posterior nostril. 

Osnierzcs eperlunzu. 
The olfactory organ is in all essential points similar to that 

of the Salmon, but when the mouth was closed forcibly under 
water no air bubbles escaped from the nostril, as might have 
been expected from the forin and position of the accessory 
cavities. 

Coregoims oxyrhy?rchzcs. 
The olfactory organ is essentially similar to that of the Salmon. 

Text-fig. 193. 

) . I  ,I 

A.N. V. R N .  

Coregonus oxyrhynchus. 

Diagram of nostrils, olfactory chamber, and ilasal sac in longitudina section. 
V., valve. 

The anterior nostril is, however, surrounded by an upstanding 



1909.1 OLFACTORY ORUAN OF TELEOSTEAN FISHES. 621 

conical lip and is separated by a deep gutter from the front edge 
of the posterior nostril, which is raised to form a valve-like 
flap that probably covers the posterior nostril in inspiration 
(text-fig. 193). 

CLUPEIDZ. 
Clupeu, harengus. 

The nostrils are very similar in form, mutual relations, and 
position to those of the Salmonid* examined, particularly to 
those of Coregonus. The olfactory cavity is also closely similar, 
being produced towards the orbit to form an extensive though 
laterally flattened sac, which is prolonged both above and below 
the eye. The lower border of the sac is compressed by the upper 
edge of the mandible when the mouth is closed. 

Clupea sprattzur does not differ from the Herring. 

CHIHOCENTRTDB. 
Chirocentrus dorab *. 

The olfactory organ is essentially the same as in Clupea 
allowing for alterations in the form of the cavity due to the 
relative shortening of the space between the ethmo-palatine 
articulation and the orbit. The olfactory laminre are also less 
strongly defined than in Clupecc and sink niore gradually a t  the 
periphery of the rosette area into the general lining of the nasal 
cavity. 

MORMYRIDB. 
Mormyrus sp. 

The nostrils lie about halfway between the eye and the snout 
set obliquely, the posterior some few millimetres behind and 
slightly below the anterior. Both are simple perforations, the 
anterior minute and circular, the posterior larger and oval, with 
a slightly swollen border. 

The olfactory chamber is circular and IateIally coinpressetl ; 
its floor (mesial surface) is completely covered by a circular 
rosette. 

The rosette consists of from 12-16 laminre radiating from a 
well-marked median raphe connected in front with the anterior 
lip of the anterior nostril. The individual laminre are low with 
a swollen and gently convex free border. 

There are no accessory sacs. 

Gymnarchus nilolicur. 
The olfactory organ is much the same as in Mormyrus though 

its cavity is more elongated and has a considerable empty space 
between the rosette and the posterior nostril (text-fig. 194). The 
anterior nostril also is surrounded by a short tubular lip elevated 

* For this specimen I am indebted to Col. C. E. Shepherd. 
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behind to form a small valvular flap similar t o  that of the Gadids 
and Carps. 

Text-fig. 194. 

Gymaai-chus niloticwr. 

Olfactory organ, from the eide. 

Szinintary . 
I n  the Malacopterygii examined, a distinction can be drawn 

between the Mormyridre and the other families. I n  the former 
the olfactory organ is of a peculiarly simple type as reg=& 
nostrils, cavity and rosette. In the latter (Salmonids, Clupeids, 
Chirocentrids) there is great uniformity and a relatively high 
degree of complexity. The nostrils are similar in form, qosition, 
ant1 detailed relation to tlie bones of tlie circum-orbital ring and 
:ire modified, though imperfectly, to direct a current of water 
through the leaves of the rosette. There is, however (except 
possibly in Cowyouus), no means of confining the inflow to the 
aiiterior nostril. The olfactory chamber is extended by :in 
accessory sac with a siniilar form and position ic all the genera 
examined nntl directly affected by the movements of the jaws. 
The laminre of the rosette though few in number are large and of 
characteristic claw-like shape. 

0 s T A  R I  o P H Y s I. 

CYPRINIDB. 

Yi7~cu eeclgwis (text-fig. 195, A). 
The nostrils lie close together near tlie mitl-dorsal line of the 

face about iniclway between the eye and the snout. I n  their 
general characters they soniewhat recall those of the Salmonids. 
Both are circular and wide open. The anterior is bordered by a 
tubular lip, the hinder parts of which, iiicluding the whole arm 
between the nostrils, are prolonged upwards to form a projecting 
hood and also inwards within the olfactory chamber as a curtain 
that divides this cavity transversely into two. By this combination 
of an external hood and an internal curtain water would be 
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deflected, during the forward progression of the fish, through the 
anterior nostril down amongst the lamins of the rosette. 

Text-fig. 195. 

A. Dircpam of nostrils nnd olfactory cllamber of Tinca vulgaris in 

B. A similar dingam of'the olfnctory organ of Abramis hraina. 
longitudinal section. 

The olfactory cliainber occupies the usual position with regard 
to the bones of the face, and lodges a rosette of 30 or so lamin= 
radiating in the u s n d  way from a linear raph6. The linguiforrii 
process upon the free border of each lamina is peculiarly long and 
imrrow, especially in the hinder parts of the rosette where they 
form a tuft projecting freely into the posterior nostril. 

An essentially similar condition of the olfactory organ was 
found in Misqurims foesilis and in Lffibeo zoibezcs. 

-4 brffimis brainffi (text-fig. 195, B). 
In  this genus also the olfactory or,pzn is essentially similar to 

that of III'L'i~cffi witli, however, the rather important absence of a 
hood-like extension of the po5terior lip of the anterior nostril. 

SILURID~~ .  
Clcrios lazera (text-fig. 196, p. 624). 

The nostrils lie upon the dorsal surface of the face, the anterior 
a t  the end of a short tube overhanging the upper lip, the posterior 
at  some t1ist;mce (about twice the diameter of the eye) further 
hack. The upper and under margins of the posterior nostril are 
produced to form thin membranous lips, that would act as valves 
to prevent inflow of water by this nostril to the olfactory cahty. 
At its ;ulterior corner is R long nasal tentacle. 

The olfactory cavity extends from nostril to nostril but is 
separable into two distinct segnients-(l) an oval chamber in 
which lies the olfactory rosette, with its long axis directed from 
the anterior nostril backwards and to the mid-line, and (a )  a 
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smooth vacant cavity leading from the outer and hinder part of the 
first segment to the posterior nostril. The addition of this empty 
accessory sac to the olfactory chamber proper, in which lies the 
rosette and the possession of valvular lips by the posterior nostril, 
suggests that in some way water is drawn forcibly upon the 
olfactory rosette through the anterior nostril. At first sight the 

MR. R. H. BURNE ON THE ANATOMY OF THE 

Text-fig. 196. 

Clariaa lazera. 
B 

A. The olfactory organs from above :-On the left the nasal cavity opened; 
on the right the relation of the olfactory organ to the skeleton. 

a. The muscle connecting the hinder end of the palatine bar to the cranium. 
B. Diagram of the lamins of the rosette. 

mechanism by which this is effected is not apparent, the jaws 
which in Fishes are the usual agents in such actions being 
evidently not so in this case. An examination of the rest of the  
skull in relation to tha nasal cavity makes it clear, however, that 
an intermittent current of water could be, and probably is, 
produced automatically by the movements that take place between 
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certain bones when the maxillary tentacles are swung forward. 
This can best be explained by reference to text-fig. 196 (right 
side). 

The root of the maxillary tentacle is supported and stiffened by 
the rod of bone that represents the maxilla (MX) which a t  its 
proximal end articulates a t  right-angles with another rod of bone 
(the palatine bar), that lies in the longitudinal plane and hinges 
about the middle of its length upon the outer end of the lateral 
ethmoid. From the free posterior end of the palatine bar a large 
muscle (a) fans out towards the floor of the skull and is there 
attached. Another muscle (the retractor maxilla) takes origin 
from the floor of the skull to the outer side of a, and running 
directly forward is inserted by a slender tendon upon the maxilla. 

The outer parts of the accessory nasal sac lie above and in close 
connection with the palatine bar in front of its hinge point. 

I n  action the muscle a swings out the anterior end of the 
palatine bar which in turn rotates the maxilla into a longitudinal 
position shooting the point of the tentacle forwards. The reverse 
movements to bring the tentacle to rest result from the action 
of the retractor maxilla. It will be apparent that owing to its 
close connection with the palatine bar the outm part of the nasal 
sac will follow its movements. When this bone swings outwards 
the sac will be dilated, and when it returns to rest, compressed, 
causing a stream of water alternately to enter the anterior nostril 
and to be expelled from the posterior or more probably from both 
nostrils. 

Thus upon structural grounds alone it seems quite clear that 
when the fish is on the alert it is enabled to bristle its tentacles 
and sniff by means of one and the same mechanism. 

I n  general appearance the rosette is very similar to that found 
in the Eels, being of considerable length and composed of a large 
number of lamina set a t  right-angles to a median raphe. Each 
lamina (text-fig, 196) has a simple convex free border without a 
linguiform process. 

Malaptemrus electricus (text-fig. 197, p. 626). 
The nostrils are situated in much the same position as in Clariccs, 

though relatively closer together. The anterior lies a t  the end of 
a short tube the posterior wall of which is prolonged to form a short 
pointed tentacular process. I n  a similar way the posterior nostril 
is guarded in front and a t  the sides by an upstanding hood-shaped 
lip. 

The olfactory chamber is a simple flattened circular cavity. 
The rosette is oval and occupies only the inner half of the chamber 
leaving the outer half vacant. 

The cavity is thus separable as in Clarias, but to a less degree, 
into an olfactory chamber lodging the rosette and an accessory 
sac between the rosette and the posterior nostril. The relatioils 
of the vacant part of the cavity to the supporting bones of the 

PROC. ZOOL. SOC.-1909, NO. XLIII.  43 
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inaxillary tentacle are similar to those observed in Clccrias, and 
there is little doubt that in a similar way it follows the move- 
ments of the pilatine bar and acts as an aspirator bulb, though 
probably in a feeble way, to produce water currents through the 
leaves of the olfactory rosette. 

Text-fig. 197. 

Nn1apteruru.s elertrictwr. 

The olfactory organs s l i o ~ n  as in text-fig. 196. 
JIXT., maiillary tentacle. 

Pinzelodus sebce. 
The nostrils are very similar to those of Clarias though the 

posterior is smaller, not so distinctly valved, and not connected 
with a tentacle. 

The olfactory chamber is a narrow oval cavity stretching from 
nostril to nostril and is completely occupied by a long oval rosette 
fastened to its floor. Its outer wall lies parallel to, but not in any 
connection with, the palatine bar, and although the movements of 
the tentacle are effected by a mechanism similar to that in Clrcrias 
and Makptertsrzcs, there c m  be little or no movement com- 
municnted to  the walls of the olfactory chamber. 

&&urns glanis. 
The nostrils are essentially similar to those of the other 

Siluroids examined. The anterior lies a t  the end of a short tube 
the hinder margin of which is produced as in illclapteru~i~s' to 
form a short tentacular process. The posterior lies some consider- 
able distance (at least twice the diameter of the eye) further back 
and is a longitudinal slit bordered by valvular folds. 

The nasal cavity occupies the space between the nostrils and is 
septrable into an anterior half, lodging the rosette, and a vacant 
posterior half. 
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So far as could be seen the passage of water through the nose 
is quite independent of the movements of the bones of the  skull 
and is probably clue to the action of cilia, though this leaves 
unexplained the use or meaning of the vacant prolongation of the 
nasal cavity and the valvular borders of the posterior nostril. 

The rosette is similar in form to that of CZariczs but the lamina 
have well pronounced linguiform processes. 

GYYSOTIDX. 
Gyntnotua electricus. 

The nostrils lie towards the point of the snout upon the upper 
surface of the face, the anterior at some distance (lather more than 
the diameter of the eye) in front of and below the posterior. Both 
are small round apertures, the posterior flush with the surface, the  
anterior with a swollen border scarcely prominent enough to be 
called a tube. 

The olfactory chamber is a simple flattened cavity of oval or 
diamond shape in surface view and so placed that its short axis 
forms the line connecting the nostrils. It is completely filled by 
R rosette of some 20 claw-shaped laminre arranged around a central 
axis, and lies directly upon the premaxilla in such a position that 
its walls could be little if a t  all affected by the movements of the 
neighbonring bones of the skull. 

Sunmzory . 
I n  the Ostariophysi examined the olfactory organ of the Carps 

is entirely different from that of the Siluroids. 
I n  the Carps the organ is of a simple character and very 

constant in structure so far as observed, differing only iu un- 
important details. I n  no instance were there sacs accessory to 
the olfactory chamber, and when there was any mechanism for the 
procluction of water currents in the nose it had the form of a flap 
of skin standing up behind the anterior nostril to deflect water 
into it in forward progression. 

The Siluridre on the other hand show n distinct leaning towards 
the Eels in the structure of the olfactory organ. The anterior 
nostril tends to be strongly tubular and the posterior is frequently 
valved. The rosette is more or less elongated and consists of a 
relatively large number of parallel lamine. 

A tendency is also observable in this family towards the 
tlevelopment of an  accessory sac in extension of the true olfactory 
chamber which in some instances by movements of certain bones 
of the face can be contracted and expnnclecl, thus giving rise to 
water-cnrrents within the nasal cavity. 

I n  the Gymnotid= the olfactory organ, although peculiar, more 
nearly resembles that of Siluroicls and Eels than that of the 
Cayps. 

43* 
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Anguilla vulgaris. 
The anterior nostril lies at the end of a short tube upon the 

upper lip not far from the mid-line; the posterior is a simple 
circular perforation situated close in front of the eye. 

The olfactory chamber occupies the area between the nostrils, 
broadening gradually behind and terminatiiig in a rounded end to 
the mesial side of the posterior nostril. Its floor and mesial side 
are covered by an  olfactory rosette in which the lamins lie at 
right-angles to a linear raphe that runs from the anterior nostril 
to the hinder end of the olfactory chamber. The individual 
lamina: are triangular in outline. 

Conger vulgaris. 
The Conger agrees in all essential particulars with the Eel 8s 

regards the structure of its nose. 
The olfactory nerves are of enormous size, which accords with 

Bateson’s observation that the Conger is one of the few Fishes 
that hunt by scent. H e  also states that the water current in 
the nose is due to the movement of cilia in the tubular nostril. 

MURIENIDE. 
Murcenu tigrina. 

The olfactory organ is very similar to that of a n  Eel or even 
more to that of a Siluroid (e.g. PinzelorZu8). Both nostrils are 
si tuahd at the extremity of a short tube, one projecting forwards 
above the snout, the other backwards above the eye. 

The olfactory chamber is a simple oval cavity lying between the 
two nostrils and occupied by an  elongated oval rosette. 

Murmtcc zebra had an  olfactory organ of precisely the same 
character, except that the cavity and rosette were shorter and 
rounder. 

Sunaniary. 

I n  this group the examples seen show a very strong similarity 
in the structure of the nose and a close resemblance also (through 
the Muraenids) with that of Siluroids. The anterior nostril (and 
sometimes the posterior) is strongly tubular and the cavity and 
rosette are elongated. 

H A P  L o M I. 

ESOCIDIE. 
,%ox ~ucius (text-fig. 198). 

The nostrils lie close together upon the slope of the forehead 
about one quarter the distance from the eye to the snout facing 
upwards and forwards. The anterior is circiilar, of relatively 
large size (about a quarter the diameter of the eye) and flush 
with the surface. The posterior is crescentic, with the concavity 
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directed forwarcl. The anterior border of the narrow bridge of 
skin between the two is sharply de5ected into the nasal cavity. 

The olfactory chamber occupies the normal position with regard 
to the bones of the skull, and is a shallow oval cavity corresponding 
to the area covered by the nostrils. Its floor is covered by a 
peciiliarly insignificant circular rosette in which the lamina are 
low folds of the mucus membrane differing amongst themselves 
in importance and radiating from a central boss situated directly 
below the anterior nostril ant1 without any connection with its 
anterior lip. 

Text-fig. 198. 

Esox Zticias. 

Diagram of olfactory organ in longitudinal seetioii. 

A description of this cavity is given by Blaue. 
The organ lies well above the range of any pressure that might 

be caused by the swelling of the adductor mandibuls, but probably 
currents of water are de5ected into the cavity of tho chamber 
during forward progression by the tilt of the nostrils towards the 
front and by the downward bend of the bridge between the two 
nostrils. 

SCOPELIDB. 
Xcopelue crocodilus. 

The nostrils are simple circular perforations in a smooth area 
of skin lying as usual between the lachrymal and nasal scutes. 
The posterior is four times as large as the anterior and is separated 
from it by a narrow bridge of integument. 

The olfactory chamber is globular and lies partly within the 
usual hollow in the ethmoid cartilage, but extends also over the 
maxillary process of the palatine and the head of the maxilla. 
This somewhat abnormal position is due to the extreme antero- 
posberior compression of the front part of the face. 

The lining membrane of the chamber is deeply pigmented 
except upon the rosette, which is brilliantly white in contrast. 

The rosette is of very unusual form (text-fig. 199, A), being 
linear with its axis lying in the plane of the two nostrils. It is, 
however, composed as usual of a series of lamina arranged along 
the sides and around the posterior end of an elongated central 
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the mouth is opened and closed is peculiar. When the lower jaw 
is depressed by the action of the gular muscles the premaxilla is 
strongly protruded by the forward pressure of a hooked process of 
the coronoid border of the mandible (text-fig. 200, B, c') upon the 
hinder margin of the premaxilla. By this movement of the pre- 
niaxilla the membranes between it and the palatine are stretched 

Text-fig. 200. 

Anu b leps microlepis. 
A. Position of the nostrils. 
B. The nasal cavity in its relation to the neighbouring bones of the face. 

C', hookel process on the coronoid border of the mandible that 
protrudes the premaxilla. 

and the nasal sac distended. Closure of the jaws by the contraction 
of retractor muscles inserted upon the premaxilla and the coronoid 
process of the mandible is accompanied by a retraction of the pre- 
maxilla and the compression of the nasal sac. I n  this mechanism 
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the#axilla is comparatively f~xed, its lower end forming the fulcrum 
upon which the premaxilla swings backwards and forwards. 

,Oresticcs lesueuri. 
I n  this species the olfactory organ is of the same type as in 

dnableps, though differing from it in detail. The anterior nostril 
is not tubular but is a simple hole, minute and easily overlooked, 
lying near the anterior margin of the ma.xilla towards its upper 
extremity. The posterior nostril on the other hand (text-fig. 201 ,A) 
is a large oblique slit in front of and above the eye and is bordered 
posteriorly by a valvular flap, which is separated from the parts 
behind it by so deep a gutter that at first sight i t  might be taken 
to be the posterior nostril, and the true nostril mistaken for the 
nnterior, simulating such a pair of closely applied nostrils as those 
of the Herrings. The nasal cavity is essentially similar to that of 
dnableps, but the accessory sac is not so large and passes inwards 
around the posterior border of the maxillnry process of the palatine 
and not forwards towards the premaxilla. 

Text-fig. 201 

UMX. 

Orestias lesusuri. 

A. The nostrils in their relation to the superficial hones of the face. 
B. The form and position of the olfactory cavity. 

L., ligament between the ethiaoid and palatine. 

Movements of the jaws had but little effect apparently upon 
the contents of the nose-cavity, but when the operculum was 
raised and lowered air-bubbles could readily be expelled from the 
posterior nostril. This effect seems to be due to the movements 
of the maxillary process of the palatine. This bone is attached in 
front in the usual way (though loosely) to the maxilla and a t  the 
root of its maxillary process by a long ligameiit to the lateral 
ethmoid. As the gill-cover is opened the maxillary process of the 
palatine rotates inwards and backwards around this ligament as a 
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pivot, compressing the accessory nasal sac that rests upon its 
posterior and inner surfaces, The jaw movements may possibly 
also be of some little assistance in the compression of this sac, but 
those of the gill-cover appear to be by far the more important. 

The rosette is very feeble and consists of a aeries of low pleats 
radiating from R central boss. 

Szcnzmary. 
In  Esox and Scopelus the olfactory organ is quite simple with 

open non-specialized nostrils and plain cavity, It differs in the 
two genera chiefly in the form of the rosette, which in Esox is 
circular and very poorly developed, in Scopelus linear and sharply 
defined with strong though small laminre. 

In the two Cyprinodonts the organ is of a quite different and 
more highly specialized type. The anterior nostril may be tubular, 
the posterior is valved. The nasal cavity is complicated by the 
presence of an accessory sac of characteristic form and position, 
which from its position is capable of being compressed by the 
bones of the face. The rosette is feeble and in Orestias resembles 
in some particulars thnt of the Pike. 

C A T O  S T  E o M I .  

FISTULARIIDB. 
Ettularin, 

The nostrils are two plain oval perforations in an area of soft 
skin situated close in front of the eye between the frontal and 
lachrymal bones. The posterior is narrow, with its chief axis 

Text-fig. 202. 

N.S. R. 

/ 

Fistularia sp. 

Right olfactory organ showing relative proportions of olfactory (R.) and 
indifferent (N.S.) arens of the nasal cavity. 

longitudinal, the anterior about three times as large. The bridge 
of skin between the two is about equal in breadth to the long 
axis of the anterior nostril. The olfactory chamber is oval but 
very shallow. It lies upon the bones of the skull (lateral ethmoid) 
and extends backwards some distance beyond the posterior nostril, 
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its front half only being occupied by the rosette. 
the rosette are very feeble and resemble those of the Pike. 

The lamins of 

G ASTROSTEIDIE. 

The olfactory organ of Gccstrosteus has been described by Solger. 
H e  states that it has in connection with the lower part of the 
olfactory chamber an accessory nasal sac. One nostril only 
is present. It has the form of a short tube, situated in the 
normal position between the nasal and lachrymal scutes. 

P E  R C  E S  o c ES. 
SCOMBRESOCIDB (see Blaue). 

Belone vulgccris (text-fig. 203, A). 
The olfactory organ of this species has been described by Rlaue. 

The chief peculiarity in it is that the olfactory chamber is a 
simple open pit, from the centre of which protrudes a solid 
mushroom-shaped boss, representing the usual laminate rosette. 

Text-fig. 20.7. 

f?. 

R. 

8 

c: c. 
A. The right olfactory organ of Belune vulgzris, from ahove. 
B. The right olfactory organ of Hemirhamphus, from the sidc. 

L.C., I%teral-line canals hi the lachrymal. 

Hemirhnmphws (text-fig. 203, B). 

central boss is relati\-ely smaller. 
The olfactory organ is very similar t o  that of Belone, but the 
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Exmatus volitans. 
It is 

worthy of notice that in Hemirharnphics and Exoccztus the tubules 
of the lateral line that traverse the lachrymal bone open directly 
into the lower part of the olfactory chamber. This probably 
indicates that the single opening of the olfactory pit is not primi- 
tive, but a secondary modification, the original openings having 
spread to include within the pit what at  one time was the external 
surface of the face. 

The olfactory organ is similar to that of He~nirhainphus. 

MvarLIDAc:. 
Mugil chelo. 

The nostrils lie about halfway between the eye and the 
snout, bounded as usual by the lachrymal and nasal bones. The 
anterior nostril is circular, with a short tubular lip higher behind 
than in front. It is separated by a bridge of skin about twice its 

Text-fig. 204. 

R.FMX. ! 

B 

Mugil ekelo. 

A. The olfactory organ, in position, from the side. 
B. The same, froin nbove. 

A 

diameter in breadth from the posterior nostril, which is a vertical 
slit protected from ingress by a thin, transparent valvular exten- 
sion of its anterior border. 
The olfactory chamber is oval and of the same length as the 

space between the nostrils. It lies in the usual hollow in the 
ethmoid behind the maxillary process of the palatine. Its hinder 
parts, which are unoccupied by the rosette, extend for some little 
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distance beyond the posterior nostril, and here are dilated above 
and below the ridge that carries the olfactory nerve to the rosette 
to form two large accessory sacs. The upper sac (ethmoidal) 
bends forward beneath the ethmo-maxillary ligament parallel to 
the upper margin of the olfactdry chamber, and fills in all the 
space available between the mwethmoid and the backward process 
of the premaxilla. The lower (lachrymal) sac, after passing down 
upon the lateral ethmoid, expands in the space between the 
lachrymal bone, the palatine arcade and buccal membrane, and 
the maxilla. 

It will be apparent from-the close relations of these sacs to the 
bones of the mouth that their expansion or contraction will depend 
upon the movements of these bones. This is particiilarly the 
case with regard to the ethmoidal sac, which is greatly expanded 
as the premaxilla shoots forward in the protrusion of the jaws 
and compressed as it is retracted. The effect of the movements 
of the maxilla upon the lachrymal sac is less apparent, although 
the sac is visibly compressed by the hinder margin of this bone 
as it  swings back during the closure of the mouth. 

By forcibly closing the mouth under water it is possible to 
cause the ejection of a stream of air-bubbles from both nostrils. 

The rosette is oval, slightly pigmented, and not very strongly 
defined. Its lamina have the normal radial arrangement around 
a linear raphe attached in front to the anterior wall of the 
anterior nostril. The individual lamina (of which there are 
about 30) are bluntly claw-shaped. 

OPHIOCEPHALIDB. 
Ophiocephaltis marodius. 

The nostrils lie between the upper anterior border of the eye 
and the snout in an area of soft skin between the nasal and 
lachrymal scutes, separated from each other by a space equal to 
the diameter of the eye. The anterior nostril is a simple per- 
foration a t  the end of a tube overhanging the premaxilla, the 
posterior a circulnr hole flush with the surface of the head close 
in front of the frontal scute. 

The nasal cavity consists of two divisions, an olfactory chamber 
proper occupying the anterior half of the space between the two 
nostrils, and an accessory sac comprising the parts of the cavity 
between the rosette and the posterior nostril, and extending 
forward deep to the true olfactory chamber to the backward 
process of the premaxilla. 

The rosette is quadrangular in shape and consists of a series of 
lamins set parallel to one another in the longitudinal plane. 
Each lamina (text-fig. 205, C) has a gently curved free margin 
without linguiform process. The accessory sac is so closely applied 
to a considerable part of the backward process of the premaxillrt 
that it  necessarily shares in the movements of this bone, being 
compressed when it is retracted, expanded when it protrudes. It 
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thus no doubt acts as an aspirator bulb to produce water currents 
through the leaves of the olfactory rosette. 

Text-fig. 205. 

A \ \- 

N. 5. 

C 

Ophiocephalus marulius. 

A. The left olfactory organ, from the side. 
B. The snme, from nbove. 
C. Dingam of the olfactory lamine. 
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SPHYRAXIDB. 
,SpJiyrww cuntevoonii. 

The nostrils lie in an area of soft skin above the lachrymal 
bone a t  a quarter the distance from the eye to the snoiit. The 
anterior is a small round hole, the posterior a vertical slit concave 
posteriorly and valved against ingress by the thinness of its 
backwardly directed anterior lip. The bridge of skin between 
the nostrils is rather broader than the posterior nostril is long, 
the latter being eight times the diameter of the anterior nostril. 

Text-fig. 206. 

Splqrmin cnereroonii. 

A. Position of the olfnrtory organ aiid rlnsnl snc relative to the bones 

B. IXngrani of the olfnctory chamber iu longitudiual section. 
of the face. 

M., the iniiscle fragineiit mentioned in the text. 

The olfactory chamber lies beneath the nostrils and is occupied 
by a well-defined rosette. Its ventral parts are extended down- 
wards and forwards under cover of the lachrymal bone to forin a 
long flattened accessory nasal sac, which extends from the ethn~o- 
lachrymal articulation to the anterior end of the lachrymal bone. 

The rosette is of the normal oval type. It consists of about 
30 strongly convex laminzx (text-fig. 206, B). 

It is difficult to suggest the use of the accessory sac, as the 
specimen observed W:IS in a fragmentary condition ; but the 
presence of a piece of muscle and tendon (probably the retractor 
iiiaxillw) upon the lower border of the lachrymal and underlying 
the accessory sac, suggests that it may very likely be usetl as an 
aspii-ator bnlb, compressed either by the swelling of this muscle 
01- by the upward swing of the maxilla when the mouth is closed. 
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Summriry . 
I n  the Percesoces the olfactory organs show R wide range of 

variation in the above examples of the different families observed. 
In  the Scombresocidee they are of a quite peculiar and charac- 
teristic form, unlike that seen in any other group of Teleostei. 
I n  the Mugilidie a very distinct type occurs in which the olfactory 
chamber is enlarged by two accessory empty sacs, closely resem- 
bling in form and position the accessory sacs found in the majority 
of Acanthopterygii. I n  Ophiocephalus the general structure of 
the nose and the position of the single accessory sac in connection 
with it bear a considerable resemblance to that of the Cyprino- 
dontidre, differing however in the form of the rosette, which is of 
a type found elsewhere only in certain Pleuronectids. I n  Sphyrmia 
there is yet another type of nose, with a large and very simple 
accessory sac stretching forward like that of Merluccius or Zeus. 

A C A  X T H O P T E  R Y  G I  I. 

Ph.ItCIF0ltMh.S. 

PERCIDB:. 
Perccc Juv icitilis. 

The nostrils, which lie high up on the face slightly nearer the 
eye than the snout, are both circular apertures of some little size 
-the posterior flush with the general surface, the anterior sur- 
rounded by a low tubular lip. They are separated by a bridge of 
skin about twice the diameter of the posterior nostril in breadth. 
The olfactory chamber occupies the usual hollow in the ethnioid 
and corresponds in length to the area between the nostrils. It is 
occupied by a prominent oval rosette of some fifteen large laminie, 
with strongly convex and swollen free margins. 

Above and below the rosette the nasal cavity is dilated to form 
a pair of accessory empty sacs, the upper of which runs inwards 
and forwards beneath the ethmo-maxillary ligament into the spaces 
between the mesethnioid and the backward process of the pre- 
maxilla and deep to the maxillary process of the palatine, The 
lower dilatation extends in a similar way between the lachrymal 
scute and the palate to the niaxilla. Both these accessory sacs, 
although in comparison with those of many other genera of 
Acanthopterygii poorly developed and but indefinitely marked of 
from the true olfactory chamber, evidently belong to the sanie 
type and are in a similar way affected by nioveinents of the pre- 
iiiaxilla and maxilla as the mouth is opened and closed, giving rise 
to water currents in the olfactory chamber. 

LATRIDZ. 
Latris ciliccris *. 

The olfactory organ closely resembles that of the Perch, although 

* This cyeciiueii was obtaiiied tlirougli tlie kindness of Col. Nicholson. 
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smaller and with less strongly developed accessory sacs, the upper 
(ethmoidal) one being represented by a mere recess above the 
hinder part of the rosette, and the lower (lachrymal) extending 
forward only as far as the root of the maxillary process of the 
palatine. 

Neither of the sacs seems to be within reach of the direct effects 
of the movements of the jaws. 

The rosette is not so strong and definite as in the Perch. It is 
of the usual oval type and consists of about 30 lamins, each with 
a well-formed, almost claw-shaped linguiform process. 

CAPROIDE- 
Capos aper. 

The nostrils lie in a similar position to those of the Perch, the 
anterior within an area of smooth skin, the posterior closely 
surrounded by scutes (text-fig. 207, B). 

The anterior nostril is a small and simple ovalaperture, with its 
long axis vertical ; the posterior, which is four or five times as large 
as the anterior, is pear-shaped, with its swollen end directed 
forwards. The hridge between the two is less thnn the length of 
the posterior nostril in breadth. 

Text-fig. 207. 

C a p o s  nper. 

A. Left olfactory orgnn, from the side. 
MD. position of the coronary border of the mandible 

when the month is shut. 
B. Surfnce-view of the nostrils. 

The nasal cavity is disposed much as  in the Perch, but the 
rosette is relatively smaller and the lachrymal acceKqory sac larger 
and far more dilated ventrally towards both the head of the 
maxilla and t,he hinder end of the lachrymal scute. 

The ethmoidal accessory sac is comparatively small, being n 
small forward extension of a general dilatation of the olfactory 
chamber above the rosette. It probably is not of much service a s  
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a n  aspirittor, although it can undoubtedly be compressed by the 
retraction of the premaxilla. 

The lachrymal SLC, on the other hand, is evidently most 
effective in producing water currents in the nose, for its lower 
border is extensively indented by the coronoid border of the 
mandible when the mouth is closed. 

BERYCIDZ. 
I1ery.c tlelphimLs. 

The nostrils lie about halfway between the eye and the snout 
towards the dorsal line of the head, sunounderl by the nasal, 
1:ichrymal and frontal bones. Both are large, oval, and widely 

Text-fig. 208. 

. M. 

Beryx delplrinus. 
Left olfactory organ, from the side. 

PA.PT., palato-pterygoid arcade. 
S.O.E., supraorbital extension of the nasal cavity. 

open, the anterior about half the size of the posterior. The 
bridge of skin between the two is relatively narrow and is pro- 
duced as a transverse curtain into the cavity of the olfactory 
chamber. 

PROC.  ZOOL. SOC.-190'3, NO. xL1v. 44 
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The rosette which covers the floor of tlie olfactory chamber is 
sharply defined and very prominent, like that of the Perch. It is 
composed of about thirty claw-shaped transversely pleated lamine 
arranged in the usual way radially around the hinder parts of a 
linear raph6. 

The whole of the olfactory chamber above the rosette is dilated 
to form a peculiarly capacious ethnioid accessory sac, that extends 
backwards into two hollows beneath the anterior end of the 
frontal, inwards between the backward process of the premaxilla 
and the mesethmoid, and forwards between the palato-premaxillary 
and ethmo-maxillary ligaments and the greatly elongated head of 
the maxilla. 

Tn a similar way the wall of the olfactory chamber below tlie 
hinder encl of the rosette is expanded beneath the lachrymal bone. 
forming a pear-shaped Iachrymal nasal sac that rests partly on 
the palatine and partly upon the buccal membrane between its 
anterior border and the maxilla. 

The hinder part of the olfactory chamber is also produced 
baclrwards beyond the posterior nostril to form a narrow conical 
sac above the  eye within the hollow between the lower edge of 
the  frontal and tlie lateral ethmoid. The resemblance should lie 
noticed between this posterior extension ancl that  seen in the 
Salinons and Herrings. 

The ethmoid ancl lachrymal sacs are strongly conipressecl by 
the movements of the premaxilla and maxilla when the month is 
closed. 

&EULLIDI@. 
Mttllzts barbattcs. 

The nostrils are inconspicuous, but occupy a similar position 
upon the face to those of the previously described Perciforines. 
although separated by a coiisiderably broader bridge of skin. The 
distance between them is clue in large partt to a tubular extension 
of the nose-cavity between the olfactory chamber and the posterior 
nostril. The anterior nostril is a small round hole. the posterior 
a narrow vertical slit, opening brtclmards and valrecl against 
ingress by the thinness and flexibility of its backwardly directed 
anterior lip. 

The olfactory chamber is expanded above and below the olfac- 
tory rosette to form a pair of accessory mcs similar to those of the 
Perch, but longer and more slencler and separated more definitely 
from the olfactory chamber itself. Although occupying the 
normal positions between the premaxilla ancl ethnioirl and near 
the hinder border of the maxilla, these sacs, owing probably to 
their small capacity, do not seein to be greatly compressed by the 
inorements of these bones-at least, no air-bubbles could be driven 
from the nostrils by forcibly closing tlie mouth under water. 

The rosette, as in the other Perciformes, is oval and veiy 
prominent. The laminse are few in number and, like those of the 
Perch, have a sharply convex free border. 
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SPARID&. 
Payellus centronotus. 

The olf3ctory organ is comparable to that of the Percifornies 
previously described, particularly to that of iIft&m, but is in  
every way better developed. 

The nostrils have a similar position and form, differing only in 
thc fact that they are relatively closer together and that the 
posterior is protected from ingress by a special valvular fold (text- 
fig. 209, C, p. 644) attached to the inner surface of its posterior lip. 

The olfactory chamber is almost completely filled by a very 
prominent oval rosette of the normal type, in which the individual 
laminze have a sharply convex free margin. The cavity is not 
prolonged between the hinder margin of the rosette and the 
posterior nostril, but above and below the ridge that carries the 
olfactory nerve to the rosette are a pair of clearly defined oval 
apertures that lead into ethinoid and lachrymal sacs of a similar 
character to  those of iWullus or other Perciformes, but larger and 
more markedly differentiated from the true olfactory chamber by 
the narrowness of their channels of communication. The position 
of the olfactory chamber and accessory sacs with regard to the 
bones of the skull is similar to that previously described, the 
lachrymal sac lying beneath the lachrymal bone upon the palatine 
and the buccal membrane and reaching forward to the strongly 
convex posterior border of the maxilla, and the ethmoid sac 
occupying the usual position between the ethmoid and the bnck- 
ward process of the premaxilla. From their position both sflcs, 
and especially the lachrymal, must be strongly compressed during 
the closure of the mouth. 

Suntmccry . 
The olfactory organ shows a strong general resemblance in all 

the members of the Perciformes examined, accompanied by an 
interesting series of variations tending towards inore perfect 
specialization. 

The nostrils occupy in all a very similar position, rather higli 
up on the face not far in front of the upper border of the eye. 
I n  the simpler forms (Perm, Latris, Ccipros, and Beryx) they 
are both widely open, in Mullus and Pagelltcs the posterior is 
valved. I n  all the olfactory chamber is dilated beyond the actual 
olfactory area, the dilatation showing a gradual differentiation 
into two clearly defined accessory sacs, one related to the ethmoidal 
region in such a way as to be conipressed and expanded by the 
movements of the premaxilla, the other lying upon the palatine 
bone and the buccal membrane, and responding in a similar way 
to the movements of the maxilla or (Capros) mandible. 

Within the group a line can be drawn between Perca, Latris, 
Capros, and Beryx on the one hand, where the accessory sacs, 
although differing in size, are still but little cut off from the 
olfactory chamber, and in which the posterior nostril is not valvecl, 

44* 
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and Hulhe and Pclgellus on the other, in which the posterior 
nostril is valved and the sacs open into a definite part of the 
olfactory chamber by restricted orifices. 

A parallel specialization is also observable in the differentiation 
of the jaw-muscles in these two groups. 

S c o  N B R I  F O  R M E S .  

SCONBRIDB. 
Scomber sconabrzcs. 

The nostrils lie in the posterior half of the distance from the 
eye to the snout separated by a bridge of skin 8 mm. or so in 
breadth. The anterior nostril is a small and quite simple circular 
hole, the posterior a vertical slit about 4 mm. long, and valved 
against ingress by the thinness and flexibility of its backwardly 
directed anterior lip. 

The olfactory rosette is prominent and sharply defined, and 
lies as usual directly beneath the anterior nostril. It consists of 
about 30 claw-shaped laminae arranged as usual radia,lly around 
the hinder p&iq of a linear raph6. 

The olfactory chamber is dilated posteriorly and below to form 
an extensive though very shallow accessory sac, which is divided 
into upper and lower parts by the ethmo-lachrymal articulation, 
the upper part passing beyond the posterior nostril to the anterior 
and upper edge of the orbit, the lower extending downwards and 
forwards upon the palatine bone and buccal membrane to the 
upper border of the maxilla, by which it is compressed when the 
mouth is closed. 

Z E O R  H o M B I. 

ZEIDB. 
i%us faber. 

The nostrils lie close in front of the eye, near the dorsal mid- 
line of the face. Both are wide open and of large size, the 
anterior being a circular aperture about 3 mm. in diameter, with 
a thick but low tubular lip higher behind than in front, and the 
posterior a large bean-shaped opening (7 m m . ~ 4  mm.) lying 
close behind the anterior, and partly embracing it with its concave 
border. 

The rosette, which is plainly visible through the posterior 
nostril, is prominent and sharply defined. It consists of a 

Explanation of Text fig. 209 (see opposite). 
Pagsllus csntrodmtus. 

A. Olfactory organ in position, from the side. 
B. The same, from above. 
C. The valve (V) upou tlie hinder lip of tlie posterior nostril, in section. 
D. Diagram of a lamina of the rosette. 

BY., buccal menibrane. R.PMX., retractor premaxilla. 
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swollen cushion-like base, from the surface of which protrude 
the apices of about thirty sharp-pointed lamins attached to a 
linear central raphe in the usual way. Owing to the abnormal 
structure of the face the olfactory chamber does not occupy 
the usual hollow in the ethmoicl, but lies higher up in R cavity 
between the backward process of the premaxilla and the upper 
part of the ethmoicl, separated by a prominent ridge from the 
cavity of the ethmoicl, within which it would normally be 
lodgecl. 

Text-fig. 210. 

E TH. 

Zem fnher. 

Left olfactory orgsu, froin the side, showing abiioriiial position. 

The anterior parts of the cavity below the rosette are produced 
forward above the same ridge of bone towards the expanded head 
of the maxilla, forming a large finger-shaped accessory sac, filled 
with mucus and separated by a large lymph-space from the 
deeper parts of the skull. 

This accessory sac, except for its position with regard to the 
facial bones, is in many ways very siinilar to that of Merluccius, 
and it should be notecl that both were fillecl w-ith mucus. 

PLEURONECTIDB. 
Hippoglossus vzclgmris. 

The olfactory organs are situated on either side of the head, 
thnt of the right in front of the interorbital ridge, that of the 
left just to the left of the dorsal line of the body. 
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Text-fig. 2 11. 

\ 

L 

PN. 
H ~ ~ ~ O ~ ~ O S S U S  vulgaris. 

A. Positioii of hotli olfactory organs, froin the ocular side. 
B. Left olfirctory organ, froin above, 
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The anterior nostril is tubular with the hinder lip raised to 
form a narrow leaf-like appendage ; the posterior is a sniall circular 
open hole. They are separated by a bridge of moderate breadth 
(about three times the diameter of the posterior nostril). 

The rest of the nose differs somewhat on the two sides of the 
head. On the right (ocular) side the olfactory chamber is broader 
than long, and contains a correspondingly broad rosette, in which 
the laminw, which are about twenty-five in number, lie longitudi- 
nally and parallel to one another. The individual lamin= hare 
a sharply angled free border. The hinder margin of the rosette 
is attached by its middle to the posterior wall of the olfactory 
chamber by the membranous fold that carries the olfactory 
nerve, but on either side of this attachment it forms the free 
anterior border of an  oval hole that leads into an accessory sac. 
The nasal sacs in form, position, and mode of connection with the 
olfactory chamber resemble the ethmoidal and lachrymal sacs of 
other Acanthopterygians (e. g. Payellus). The ethmoidal passes 
upwards beneath the ethmo-maxillary ligament into the space 
between the mesethmoid, the backward process of the premaxilln, 
and the maxillary process of the palatine ; the lachrymal extends 
downwards and forwards in a similar manner deep to the 
lachrymal and the overhanging lachrymal process of the lateral 
ethmoid to the hinder border of the maxilla, lying upon the 
palatine bone and the buccal membrane. The sacs are compressed 
by the movements of the preniaxilla and maxilla in the closure of 
the mouth. Upon the blincl side the nose is essentially similar, 
but owing to the rotation of the face the form and position of the 
accessory sacs have become somewhat distorted. 

Both sacs lie above the maxillary process of the palatine, being 
rotated forward on either side of the olfactory chamber, and lying 
side by side in the hollow of the ethmoid that also lodges the 
olfactory chamber. The ethinoiclal sac is the larger of the two 
and reaches the backward process of the premaxilla : the lachrymal 
sac terminates in front above the root of the maxillary process of 
the palatine. 

Plewonectes plutesscc. 
The olfactory organs of the Plaice are quite similar to those of 

Bippoglossus*, except that the posterior nostrils are surrounded 
by a thin upstanding valvular lip. Their topography has been 
described in detail by Cole, if anything with too great elaboration, 
for the accessory sacs are not strictly speaking subdivided into 
the definite sacculations described by Cole, but are simple pear- 
shaped bags fitting into the interstices between the different 
bones with which they come in contact, and capRble, when the 
bones are stretched apart, of being completely smoothed out, 
leaving no trace of permanent subdivision. 

three speciea of Pleuronectes besides P. plntessa. 
*I A rosette with longitudinally arranged lnminze lins been recorded (Rateson) for 
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Rhonzbtcs nauxinttss. 
The olfactory organs lie on the ocular and blind sides of tlir 

head in positions quite similar to those of Rippoglossus. The 
nostrils on the ocular side resemble those of Hippoqlossus, except 
that the anterior nostril is less strongly tubed and the posterior 
nostril relatively larger. Upon the blind side the anterior nostril 
is surrounded by a very characteristic flat circular leaf-like ex- 
pansion (text-fig. 212, A, p. 650). A similar flap is mentioned 
for the Brill (3. Zevis) by Bateson (1. c. p. 231), and, as described 
later, occurs also in the Whiff (Arnoglossus). 

The olfactory chamber, on both sides, is oval and lodges a11 
oval rosette in which the laminre radiate in the usual way from a 
linear raphb. 

Upon the ocular side the hinder end of the olfactory chanibei, 
gives origin to a pair of accessory sacs comparable in every may 
to those of the ocular side of Hippoglossus. 

Upon the blind side there is only one accessory sac which has 
the position and general relations of an ethmoidal sac, and coni- 
municates with the olfactory chamber by a wide opening above 
the hinder part of the rosette. 

A r n o g ~ o s s ~ ~ s  niegccstoma. 
The nostrils are similar to those of the Turbot (Bateson, 1. c. 

p. 231). Upon the ocular side the olfactory chamber is oral and 
exceedingly shallow, and is occupied by an oval rosette consisting 
of poorly developed radiating lamina 

An opening in the dorsal anterior part of the chamber leads 
into an ethmoidal accessory sac that lies, like that of the Turbot. 
upon the expanded hecad of the maxilla, reaching as far forward 
as the ethnio-premaxillary ligament. 

Upon the blind side the olfactory chamber is in connection 
with one accessory sac only, which corresponds in position and 
general relations to that upon the blind side of the Turbot. 

Solea vzslgccris. 
The nostrils in this genus have been accurately described by 

Bateson and Miss Pereynslawzeff, and Kyle also gives a brief 
notice of its accessory sacs. 

Upon the eyed (right) side the lower wall of the olfactory 
organ is much contracted, so that the tubular nostrils are approxi- 
mated, and both point almost directly backwards. The olfactory 
chamber is, however, of fair size, and is occupied by a long oval 
rosette with its axis nearly vertical (directed towards the centre 
of the left eye). The position of the rosette is evidently due to 
the backward rotation of the anterior nostril consequent upon 
the stunted growth of the ventral wall of the chamber referred 
to above. The laminre of the rosette lie mainly at  right angles 
to a long central raphb, like those of the Eels ; each has R gently 
convex free border. 
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Text-fig. 213. 
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Posterior to the rosette, just above the posterioio nostril, is a 
clearly defined oval hole that leads into a two-lobed accessory sac. 
The ,lower and larger lobe runs backwards painllel to the margin 
of the mouth, swelling slightly towards its tlistal end. The upper 
lobe lies beneath the upper end of the rosette. These two lobes 
olwiously represent the ethmoidal and lachrymal sacs of more 
noriii~l genera. 

Upon the blind (left) sitle, the nostrils are sepsmted by a very 
conbiderable distance, due almost entirely to a tubular elongation 
of tlie nasal cavity between the rosette antl the posterior nostril 
(cf. IIIzLIZus). Hoth nostril9 are tubular, the anterior stout and 
hluntly conicd, the posterior smaller and protectetl against ingress 
by the thinness of its converging lip. This nostril opens and 
shuts with a jerk synchronously with the respiratory movements 
(Bateson). 

The rosette is similar in forin to that of the right side, but lies 
with its len@h parallel to the internarinl axis. It occupies only 
the anterior part of the nasal cavity; behind it a long tubular 
empty psssage leads to the posterior iiostril. The lower wall of 
this pzssage is dilated between the hinder limit of the rosette 
iuid the etlimo-lachrymal articulation to form a long accessory 
SAC, that ruiis backwards and downwards with the adcluctor 
niandibuls and pdntine nrcacle siiperficid to it, giving off a small 
secondary diverticulum forward towards the lower end of the 
inaxilln. 

JS'cLn1~~tal.y. 

In  considering the Zeorhonibi, % e m  can be at  once set asitle 
as differing completely from the Pleuronectidw in all the detaiis 
of its nose structnre. 

The Pleuronectids examinecl can be separated into three groups, 
1. ITippogloss~rs nncl Plercronectes, in which the laminw of the 

9 .  Rhonzbrcs antl drnoglosszcs, with a flat, leaf-like lobe to the 

3. Solea, with tubular nostrils and elongated Eel-like rosette. 
I n  n l l  the genera there are accessory sacs in connection with 

the olfactory chamber, which are conpiable to the ethmoidal 
and lachrymal sacs found in other Acanthopterygians, although 
they differ in number according to the genus and the side of the 
face, and except in the Sole are niore strongly developed on the 
ocular than on the blind side. 

rosette are disposed longitudinally. 

left anterior nostril. 

Explanation of Text-fig. 212 (see opposite). 
Rhombus maximus. 

A. Nostrils of the blind (right) side. 
B. Olfactory organ of the ocular (left) side, in position. 
C. Olfactory organ of the blind side, in position, from above. 
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I n  Hippoglossus and Ple7wor~ectes both sacs are present and 
well developed on both sides of the face. I n  Rhonzb.cLs the 
lachrymal sac is absent on the blind side, and in Arnoglossus on 
both sides. I n  the Sole the lachrymal sac is more developetl 
than the ethmoidal, and is present on both sides, being particularly 
large on the blind side, the ethmoidal sac, or rather an indication 
of it, occurring only on the ocular side. 

S c L E  R o P A R E I .  

TRIGLIDB. 
Trigla hirulldo. 

The nostrils lie in an  area of soft skin surrounded by scutes, 
high up on the face, slightly more than halfway from the eye to 
the point of the snout. The anterior nostril is a small round 
aperture surrounded by a low tubular lip. The posterior is 
separated from it by a bridge some few millimetres in breadth, 
and has the form of a vertical slit valved against inflow by special 
membranous flaps attached to the inner surface of each of its lips. 

The olfactory chamber occupies the usual position with regard 
to the bones of the face, being lodged in a hollow between the 
maxillary process of the palatine in front and the ethmo-lachrymal 
articulation. It contains a clearly defined oval rosette consisting 
of from thirty to forty laminre with gently convex free borders 
arranged a s  usual around a, linear axis. 

Above and below the rosette the nasal cavity is extended 
to form a pair of accessory sacs, which have the position and 
arrangement common to the lachrymal and ethmoicl sacs of other 
Acnnthopterygians. The lachrymal sac spreads out into the 
hatchet-shape presented by that of Ccqros, reaching in front to 
the maxilla, and backwards upon the jaw muscles. Both sacs 
are compressed by the bones of the jaws as the mouth is closed. 

CTCLOPTERIDB. 
Cyclopterzis 1wmZ;uus. 

The olfactory organ is in every way more extensive than 
that of Triglffi. The nostrils lie very high up on the head, the 
anterior slightly in front of the eye above the level of its 
upper border, the posterior some considerable distance further 
back about halfway between the anterior border of the eye and 
the dorsal mid-line of the head. Both nostrils are circular, 
the anterior slightly the larger of the two, and situated at the 
end of a short conical tube ; the posterior a mere pin-hole, valved 
against ingress by the thinness of its slightly protuberant lips. 

The olfactory cavity is occupied by 21 circular rosette, consisting 
of about fifteen feeble lamins radiating from a central boss, which 
lies directly below the anterior nostril. The hinder part of the 
chamber is prolonged backwards as a sniooth tubular passage 
to the posterior nostril (cf. ilhdlz~s, Solecc), and above and below 



1909.1 OLFACTORY ORQAN OF TELEOSTEALN FISHES, 653 

the rosette is dilated to form two remarkably extensive accessory 
sacs similar to those of Triglm except in size. The lachrymal ,sac 

Text-fig. 213. 
,- 

A 

Cyclqterus lumpus. 
8 

A. Left olfactory organ, in positiou. 
B. Diagram of valvular posterior nostril. 

in particular is of enormous size, extending forward beneath the 
head of the maxilla in front of the palatine, and backward along 
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the border of the niaxilla and upon the adductor niandibulit: to a 
point below the eye. 

It rests partly upon the palatine, but mainly upon the buccal 
membrane. Roth sics are strongly compressed by the bones of 
the upper jaw a s  the mouth is closed. The lachrymal sac pro- 
bably is also directly affected by the smelling of the adductor 
niandibulit:, and the pressure of water against the buccal membrane 
during the act of expiration. 

srsn21nc19vJ. 

Except in the presence of large ethmoitlal and Iachryinal sacs 
there is no very great resemblance between the olf~wtory organs 
of the above two representatives: of the Scleroparei. The robette 
in particular is very cliff'erent, that  of Tvigks being of the normal 
oval type, and that of C'yclopterrts rather of the type found i n  
Cottrcs ant1 Bovichthys. 

J u G u L A  R E S. 

TRACWINIDB. 
Trachinus vi+era. 

The nostrils lie close in front of the anterior border of the eye 
surrounded a t  some little distance by the lachi-pal and nas:il 
bones, and by the antorbital process of the ethmoicl. Both are 
small, the anterior slightly tnbetl with a small posterior hood-like 
elevation, the posterior a vertical slit valved against ingress by 
thin protuberant lips. The bridge of skin between the two 
measures less than 2 nim. 

The olfactory chaniber lies directly below the nostrils, in the 
normal position as regards the deepel. bones of the skull. It ih 
occupied by a rosette of the normal oval type consisting of from 
fifteen to twenty sharply convex lamin=. Above the posterior 
end of the rosette is a clearly defined oval aperture leading into 
an ethmoidal accessory sac of normal type, which is compressed 1 y  
the backward process of the preinaxilla when the month is closed. 

A-OTOTHESIIDZ. 
Boaichthys cariegutw. 

The nostrils lie in the posterior third of the distance between 
the upper part, of the eye and the snout. The anterior is in the 
form of a short tube, the posterior is a vertical slit valved againht 
the entry of water by the thinness of its backwardly directed 
anterior lip: between the two is a bridge of skin about 1 mm. in 
breadth. The rosette is circular and composed of nine swollen 
laminit: radiating froin a central circular boss, which has no 
connection with the anterior nostril, as in most Fishes. 

The olfactory chamber is expanded below and in front to form 
an extensive though shallow accessory sac which lies iinder cover 
of the lachrymal scute, and to a slight extent beneath the adductor 



1909.1 OLFACTORY ORGAN OF TELEOSTEAN FISHES. 655 

manclibulw. It reaches in front into the angle between the 
maxillary process of the palatine acrl the maxilla, and is bounded 
internally by the buccal membrane. A small ethmoidal SRC is 
also present, formed by an extension of the upper part of the 
olfactory chamber forwards around the backward process of the 
premaxilla. 

The sacs are compre\5erl by the premaxilla and maxilla as 
these bones move in the closure of the mouth. 

Suna.niury. 
I n  comparing these two representatives of the Jugulares the 

difference in the structure of the rosette should be particularly 
noticed. I n  Boztichthys this has the peculiar characters of that 
of Cottus (Blaue), while in Trccchinz6s it is of the normal oral 

P E D I  c u L A  T I .  

LOPHIIDB. 

type. 

Lophius piscatorius. 
The olfactory organ of Lophim has been described in detail by 

Miss Pereynslawzeff, so that it is sufficient to mention that it is 
in a degenerate condition, consisting of only a sninll olfactory 
chamber set on the end of a short tentacle standing up from the 
dorsal surface of the face close behind the ethmo-palatine 
articulation. 

The cavity of the chamber is filled by a few (four 01- five) sharply 
convex lamina set longitnclinally parallel to one another. The 
olfactory nerve takes a most unusual course between the base of 
the olfactory tentacle and brain. It at first dips down between 
the ethmo-maxillary ligament and the raised outer border of the 
ethmoid, then passing outwards through this bone to the lateral 
surface of the cranium, runs backwards within the orbit between 
the roots of the oblique muscles, and finally enters the brain-case 
just in front of the origin of the recti. 

Morpholoyica 1 Sunwnzccry. 

The most important facts detailed in the above descriptions 
can be most clearly summarized in a table (pp. 656-7). 

A consideration of the foregoing shows that the nose can lie 
divided into two parts, one of which is practically constant and 
forms the essential part of the organ, while the other is of 
secondary importance, and may be present or not. These are the 
olfactory chamber with its rosette and the accessory nasal sacs. 

The olfactory chamber differs comparatively little in shape and 
relative size, and in nearly every case occupies a constant and 
fixed position with regard to the bones of the skull, being lodged 
in a hollow in the ethmoid between its points of articulation with 
the palatine and the lachrymal bones. I n  nearly all cases it 
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dalacopterygii. 
Salmo .................... 
Osmerus ................. 
Coregonus .............. 
Clupea .................... 
Chirocentrus .......... 
Mormyms .............. 
Oymnarchus ........... 

)starioph ysi. 
T ina  ................... 
Abramis ................. 
Cobitis ................. 
Labe0 .................... 
Claiias,. ................... 
Malo teriirus ........... 
PimePodus ............... 
Oymnotns ............... 
SfiUrUS..  ................... 

,podes. 
Anguilla .................. 
Conger ..................... 
Mamna ................. 

Esox.. ...................... 
Scopelus .................. 
Anablepe .................. 
Orestias ................. 

Iaplomi. 

'atosteomi. 
Oastrosteae (Solger) ... 
Fistularia ............... 

'ercesoces. 
Relone ..................... 
Exoccetus .............. 
Mugil ..................... 
Ophiomphalw ......... 
Sphyrmnn ............... 

Gadus ..................... 
Motella .................. 
Merluccius ............... 

Hemirhamphus ......... 

Anacanthini. 
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opens to the exterior by two nostrils, and contains a rosette in 
which the component lamine are as a rule set radially around the 
sides and hinder end of an axis which is attached in front to the 
anterior wall of the anterior nostril (Rosette, Column 1). 

A n  olfactory organ of this descriptioii occurs in  most of the 
lower Teleosteans, and is well represented in a generalized con- 
dition in  the Haddock, which, therefore, serves as a good central 
type with which to compare the rest. 

Minor variations occur to different degrees in all parts-in the 
details of the nostrils, of the,rosette, and of the cavity, some of 
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which appear to be characteristic of families or even larger 
groups. 

The nostrils are perhaps the most variable part, and also that 
in which variation is correlated least with natural affinities. 

The position of the anterior nostril directly above the rosette 
is almost universal, no doubt in order that the incurrent water 
may play directly upon the olfactory membrane. This position 
is also probably due i n  part to the close connection that there is 
in almost every instance between the axis of the rosette and the 
front lip of the nostril, which indicates that the rosette belongs 
essentially to the anterior part of the olfactory chamber. When 
the rosette is elongated, as in the Eels, Siluroids, and some 
Pleuronectids (Rosette, Column 11.) the nostril opens in front of 
and not above it. 

The anterior nostril is very frequently, especially in the lower 
Teleostei, more or less tubular (Nostrils, Column 11.). The tube 
is particularly well marked in the Eels, some Siluroids, AnabZeps, 
and Ophiocephalus, but the tendency towards tube-formation ia 
so widely distributed and variable in its occurrence and extent 
that it probably has little to do with natural affinity. 

In  certain groups, notably the Cyprinidw and Gadidre, the 
hinder wall of the tube is elevated to form a valvular flap 
(Nostrils, Column III.), and in other groups or separate genera 
(Meduccius, Esox, Salmonidre, Clupeiclre) this may be augmented 
or replaced by a similar downward prolongation or curtain that 
dips into the olfactory cavity above the centre of the rosette 
(Nostrils, Column IV.). Both these developments of the bridge 
of skin between the nostrils are without doubt mainly of physio- 
logical importance, although in restricted groups (e. g. Cyprinidru) 
they are also constant enough in their occurrence to be of 
systematic importance. 

Variations in the form of the posterior nostril seem also to 
depend little upon affinity. 

Broadly speaking this nostril is either a simple open perforation 
flush with the surface of the skin (Nostrils, Column VI.), which 
may show considerable differences in size, but commonly is either 
circular, oval, or crescentic in shape ; or  it is a slit or pin-hole 
closed by valves. 

The crescentic type is highly characteristic of the Salmons, 
Herrings, and Carps, though found also in Meduccius, Esox, and 
(in a bean-shape) in Zeus. It always more or less closely 
embraces the hinder margin of the anterior nostril. 

The oval or circular form occurs in many groups, but can 
hardly be regarded A S  characteristic of any. 

A valved condition (Nostrils, Column V.) is found chiefly 
though not solely (some Siluroids) in fishes provided with acces- 
sory nasal sacs, and forms part of a general mechanism for drawing 
water forcibly into the olfactory chaml,er through the anterior 
nostril. I n  their simplest codition the valves are merely the 
thin converging lips of a minute perforation at the end of a short 

MR. R. H. BURNE OR THE ANATOMY OF THE 



1909.1 OLFACTORY ORGAN OF TELEOSTEAN FISHES. 659 

conical tube (Solea, Cyclopterus, Trochinzcs), or the thin back- 
wardly directed anterior lip of a slit-like orifice (Mugil, Sphyrcierta, 
Scomber, Bovichthys), but when fully developed they are special 
folds of membrane attached to the inner surface of one or both 
lips of the nostril and directed outwards (Trigla, Pagellw, dnableps, 
Orestiffis, Clorias). 

Finally, there are maes in which there is one nostril only 
present [Gastrosteus (Solger) ; Chromidae, Lzbrids (Milne - 
Edwards)]. Or the nose may assume (apparently tw a secondsry 
modification) the condition of a widely open pit without defined 
nostrils at all (Scombresocidae); or by the elevation of its floor 
and the subsequent rupture of the bridge between the nostrils, 
the cavity may be everted and the organ transformed to a bifoliate 
tentacle (Tetrodons, Wiedersheim and Tate Regan). 

Turning now to the rosette, it is noticeable that the axis is 
most frequently linear and continued to the front lip of the 
anterior nostril, as in the Haddock, the rosette being usually of 
an oval form (Bateson’s type 3) (Rosetta, Column I.). 

I n  Cyclopterus, Bovichthys, Cottw, Esox, Orestias, it is a central 
circular boss from which the lamins radiate in all directions, the 
rosette being circular (Bateson’s type 3) (Rosette, Column 111.). 

I n  the Eels, and to a less extent in the Siluroids and the Sole, 
the axis is lengthened and the lamina are set in parallel series a t  
right angles to it (Bateson’s type 2) (Rosette, Column 11.) ; and 
finally in Ophiocephalus, Hippoglossus, and Pleuronectes, the axis 
lies transverse to the internarial line and the lamina are attached 
to its posterior border in parallel series (Bateson’s type 4). 

I n  the degenerate nose of Lophius the few lamina left are also 
arranged parallel to one another and to the nrtrial axis, and in 
the Percesoces laminae are entirely wanting. 

Considerable differences are apparent in the shape of the 
individual laminae of the rosette. Starting from the type pre- 
sented by GCCCEus as a centre (Rosette, Column V.), one line of 
variation leads by the suppression of the peripheral part of the 
lamina and the exaggeration of the linguiform process (Rosette, 
column TI.)  to the claw-like shape which is particularly charac- 
teristic of the rosette of the Salmonidae and Clupeidse. A similar 
though less pronounced modification is shown by the sharply 
convex laminae of Mugil, Percffi, Pagelltcs, or Sphyrcena, and pro- 
bably the triangular laminae of the Eels should be included in 
the same series. On the other hand, suppression of the linguiform 
process (Rosette, Column TIT.) gives rise to a gently curved or 
btraight free border such as that seen in Mormyrzcs, Clarias, Esox, 
Oreslias, some Pleuronectids, Ophiocephalzcs, Bovichthys, Triglrc, 
and Cyclopterus. Except in the case of the Salmons and Herrings 
the form of the laminae has apparently little dependence on 
rlatural affinity, except in quite closely related forms. 

Variations in the position of the olfactory chamber relative to 
the framework’ of the face are very exceptional, being found only 
in .Jfotella, Zeus, and Lophius. I ts  shape also is very constant, 

45* 
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and corresponds roughly to that of the rosette. I n  some genera 
the cavity is extended to an appreciable extent beyond the rosette 
(especially posteriorly) forming an empty space (Nasal sacs, 
Column I.), which in many genera undergoes further development 
to form a definite sac or sacs accessory to the true olfactory 
chamber. 

The accessory sacs can be separated for convenience into three 
series. (1) A single sac directed anteriorly from either above or 
below the rosette (Nasal sacs, Columns 111. & IV.). (2) A single 
sac directed posteriorly towards the orbit (Narsal sacs, Column 11.). 
(3) Two sacs (ethmoidal and lachrymal nasal sacs) with very 
definite relations to the ethmoidal and lachrymal regions of the 
face, and constant also in their point of entry into the olfactory I 

chamber above and below the hinder end of the rosette (Nasal 
sacs, Column V.). With regard to the two sacs of the third 
group there is not much doubt that they are homologous in the 
different genera in which they occur, but in the case of the bacs 
grouped in Series I. it is very dificult to determine how far they 
are homologous among themselves or to either of the sacs in 
Series 111. I n  some cases (Orestias, Anableps, Ophiocephalus, Tra- 
chiizus) the sac is possibly homologous with the ethmoidal sac, 
in others (Gastrostezcs (Solger), Solea) with the lachrymal, having 
regard to its position, and especially to its mode and point of 
connection with the olfactory chamber; but in other cases (Ner- 
lz~ccitcs, Zeus, Sp?iyrmna, Clarias) the protrusion is of too generak 
a character to render the homology anything more than very 
doubtful. 

The backwardly directed sacs of the Salmons, Herrings, and the 
Mackerel (Series 11.) being little more than a general protrusion of 
thehinder part of the olfactorychamber, should probably not in any 
way be regarded as homologous with either of the sacs of Series 111. 
Their distribution is interesting, being restricted to fishes in 
which there is a great development of mucoid tissue about the 
eye and face, giving rise to  a third eyelid against the base of 
which the sac abuts. 

The two sacs in Series 111. are found in their typical form, with 
one exception, in the Acanthopterygii. The exception is Mugil, 
which i t  should be noticed is in Gunther’s system of classification 
included among the Amnthopterygii. Upon the other hand, the 
presence of these mcs in the Pleuionectidae appears to lend further 
justification for the removal of these Fishes from close proximity 
to the Gadids (Giinther) to the Acanthopterygii (Boulenger). 

The least specialized form of the olfactory organ is undoubtedly 
the rosette-filled hollow found in most of the non-Acanthopterygian 
fishes (Physostomi, Giinther). From this RS a starting point we 
may justly assume that the development of accessory sacs com- 
menced with a general expansion of the parts of the olfactory 
chamber around the rosette, such as we find in illotella, and in a 
slightly more accentuated form in Gyninarchus, thg Siluroids, and 
Fistularia. 
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Further specialization can be seen in the Salmons and 
Herrings, where the SRC, though still a general extension of a 
great part of the olfactory chamber, is definite in shape, and enters 
into functional relations with the skeleton of the jaws. The 
next stage is shown by Orestias, Ophiocephaltcs, dnableps, 
Rovishthys, the opening of the sac becoming restricted to a 
definite circumscribed hole in a fairly definite and constant 
position in the wall of the olfactory chamber. Finally, t l ie 
position and number of the sacs and their mode of connection 
with the olfactory chamber became crystallized in the Arstntho- 
pterygii, resulting in the definite ethmoidal and lachrymal sacs 
more or less characteristic of this group. 

I n  certain fishes the accessory sacs have appnreiitly been further 
specialized for the production of miicus. This point has been 
specially dealt with by Kyle in the case of Pleuronectids. To the 
fishes mentioned by him should be added Merluccizcs and Zeu.s, in 
both of which the accessory sac and olfactory chamber were filled 
with an abundance of coagulated mucus. 

Physiological Sumniury. 

From our knowledge of the structure of the olfactory organ, it 
may be concluded that there are a t  least three means by which a 
current of water may he brought to play upon the Iaminze of the 
rosette. The first is by the action of cilia within the anterior 
nostril and upon the lining membrane of the olfactory chamber 
(Bateson, p. 230). This seems to be the only way in the Eels, 
which are among the few fishes shown by Bateson to hunt their 
food by smell, and is probably also in many other cases one of the 
agents, though not the most important, in ensuring a constant 
gentle flow of water over the rosette. 

The second method is hy the deflection of water into the nose- 
cavity during forward progression. This may he effected by the 
position and slope of wide-open nostrils to the horizontal, as in  
Esox, but more frequently it is brought about by a hood or screen 
upstanding behind the anterior nostril (Gadids, Carps). I n  this 
case the force of the current is wider the control of the fish, and 
varies directly with the pace at which i t  is moving. I n  noses of 
this type a further refinement is frequently met with in the form 
of an internal flap that conducts the water-current right down 
into the centre of the rosette. 

The third method is by the alternate dilatation and compression 
of accessory sacs connected usually with the hinder part of the 
olfactory chamber. 

I n  the majority of cases these are acted upon by the movements 
of the preniaxilla and maxilla, occasionally (Cccpros, Clupea) by 
those of the mandible, or (Siluroids) of the palatine bar, and in 
several cases (where the lachrymal sac extends upon the buccal 
membrane) by the general pressure of the water in the mouth 
during expiration. 
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The currents produced normally by these sacs are rhythmical *, 
flowing in and out of the nose a~ the fish gentlybopens and closes 
its mouth in breathing, and may be compared to the air-current6 
in the Mammalian nme during ordinnry respiration. The strength 
of the current must, however, be quite under the control of the 
fish, for sudden and energetic movements of the jaws would 
naturally produce corresponding sudden and strong currents i n  
the nose, comparable to I n  noses of this class i t  is gene- 
rally arranged by m a n s  of valves that the water bhall enter by 
the anterior nostril and leave by the posterior. 

A study of the anatomy of these parts leaves little doubt that  
their action is somewhat as stated above, but the facts detailed by 
Bateson from direct observation of the living fish make it difficult 
to account for the presence of these different and often elaborate 
mechanical devices. H e  states, and his experiments are quite 
conclusive, that  practically all Teleostei seek their food by sight, 
and apparently have no appreciation whatever of what we term 
smells, so that it still remains an  open question what their olfactory 
organ is sensitive to, and what part in their economy it fills. 

Apart from the essential structural identity of the fish olfactory 
organ with that of higher Vertebrates, the mechanisms by which 
the surrounding medium is brought to play upon their sensitive 
membranes gently or violently at will are so closely analogous that 
one would be almost compelled to regard their functions as also 
essentially the same, did not Bateson‘s observations prove beyond 
question that the sense of smell in the ordinary sense of the word 
is absent in the  vast majority of fishes, and it is to be noticed that 
it is just in those cases where it is absent that the mechanisms 
for regulating the water-currentcl within the nose are the most 
efficient. 

It should, on the other hand, be observed that in a large number 
of the more highly specialized fishes there is a close connection 
between the nasal water-currents and the respiratory movements 
of the jaws, a fact that suggests that  the nose may have more to  
do with respiration than with the discrimination of food, and 
possibly may be of some use in testing the water used for 
respiration. 

sniff. 

The Relation between the Structure of the Nose and 
General Habit. 

Although it is difficult to obtain accurate information concerning 
the habits of sea-fishes, enough can be ascertained (Day’s ‘ British 
Fishes,’ Cunningham’s ‘ Marketable Fishes,’ &c.) to roughly group 

* In many fishes (Bateson, 2.c. p. 230) oscillating currents keeping time with the 
movements of the jaws in reapiration hwe been directly observed, but they are not 
a necessary result of thew movements, for nlthough under normal conditions the two 
go together, the current niay stop while the respiratory movements continue. 
Whether this depends upon a voluntary closure of the nostrils or what its explana- 
tion may be there is at present 110 evidence to show. 
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the fishes dealt with in this paper into Bottom Fishes, Sluggiah 
Shallow-water Fishes, and Free-swimming Open-water Fishes. 

When tabulated thus there is seen to be practically no con- 
nection between the structure of the mse, particularly as regards 
the presence or absence of accessory sacs, and the general life- 
habit. Thus fishes of all habits may have accessory sacs (Mullus, 
Pleuronectido, Sconzber, Herrings, Perch), or not (Eels, some 
Siluroids, Carps, Pike, Scopelus, GCUZUS, Exocmtus). This in  a 
oonclusion somewhat at  variance with Kyle's generalizatios, that 
accessory sacs are characteristic of bottom or sluggish fishes as 
opposed to free-swimmiiig forms and are in the main adaptire 
structures determined by habit. 

On the contrary, it would appear from the above that they are 
rather part of a general advance in structure, and belong, at  least 
in their most characteristic development, to families that have 
reached the highest all-round development. 

EXPLANATION OF ABBREVIATIOHB IN THE TEXT-FIGURES. 
A.N., anterior nostril. ADD.Y., adductor rnandibnlae. AOR., antorbital scutes. 

AX., axis of rosette : AX.', its coilneetion with lip of anterior nostril. B.Y., buccal 
membrane. C., central segment of lamina. CT., curtain-like extension of bridge 
between nostrils. K., eye. E.MX.L., ethmo-maxillary li ment. ETH.P.A, 
ethmo-palatine articulation. ETHS., ethmoidal nasal SRC. &, frontal. H., hood- 
like process of posterior lip of anterior nostril. L., linguiform process of lamina. 
LAC., lachrymal scnte. L.ETH., lateral ethmoid ; L.ETH.', its articular process 
for the lachrymal. LY., lamma. L.Y., lachrymal nasel sac. MD., mandible. 
METH.,mesethmoid. MX., maxilla. N., nasal. N.S., nasalsac. OL.B., olfactory 
bulb. OL.C., olfactory cavity. OL.N., olfactory nerve. P., eripheral segment of 
lamina. PA., palatine. PMX., pivmaxilla ; P.MX.A., pafato-maxillary articu- 
lation. P.PMX.L., palato-preniaxillary ligament. P.N., osterior nare8. R., rosette. 
R.MX., retractor niaxillze. R.PMX., retractor premaxilfm. T., tentacle. 

4. Description of a new Species of the Genus Alpheus Fabr. 
from the Bay of Batavia. By J. G. DE MAN *. 

[Received April 30,1909.1 

(Plate LXX. t) 

ALPHEUS EHLERSII, sp. n. 
Syn.: Alpheus mmrochirus de Man, in Archiv fur Naturg. 

53 Jahrg. (Berlin, 1888), p. 519. 
A re-examination of the two ,specimens of Alpheus from the 

island of Edam, Bay of Batavia, described by me ( 2 .  c.) under the 
name of A .  rnacrochirms Richters, not only proved that they had 
been wrongly referred to that species, but also that they are the 
representatives of a hitherto unknown form. This new speciea. 
which I have the pleasure to dedicate to Professor Ehlers of 

* Communicated by R. I. Pococn, F.L.S., F.Z.S. 
t For explanation of the Plate see p. 666. 
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Gottingen, who kindly enabled me to study the two specimens, 
apparently belongs to the group ‘‘ insignis” of Coutibre and is most 
closely related to A .  parfficrinitus Miers, to A.  parfficrinitus Miers, 
var. bengalensis Cout., and to A .  lanceloti Cout., three species 
inhabiting the Maldive and Laccadive Archipelagoes, though 
the first of them was originally discovered a t  Goree Island, 
Senegambia. 

The larger specimen is 16.5 mm. long, the other 15 mm. 
Rostrum acute, reaching to the distal fourth of the visible part of 

basal antennular article; rostra1 carina obtuse, extending backward 
to the base of the rounded, unarmed, orbital hoods, from which 
it is separated by rather deep, though narrow grooves. On each 
side of the rostrum, the frontal margin (Pl. LXX. fig. 1) bears ffi 

roun,ded prominence, nearly as in A. superciliffiris, but glabrous and 
with the outer margin more oblique. Antenna1 and antennular 
peduncles with spines and appendages nearly as in A. pffirfficrinitus 
bengcclensis (Coutibre, Alpheidse Mald. and Laccad. Archip. 1905, 
pl. lxxxii. fig. 37). Second antennular article once and R half 
longer than wide distally, a little longer than the visible part 
of the 1st and of the 3rd, which are of equal length ; stylocerite 
acuminate, reaching to  the second fourth part of median article. 
Carpocerite surpassing the antannule almost by the whole length 
of 3rd article ; the terminal spine of the scaphocerito, the outer 
margin of which is slightly concave, is slightly curved inward 
and reaches almost to midway between the extremities of both 
peduncles ; the  terminal spine exceeds by a little more than one 
third of its length the tip of the scale, which is a little shorter than 
the inner peduncle. Basicerite with a small spine on the lower 
side, not visible from above. Telson (Pl. LXX. fig. 2) nearly as in 
A. pffiracrinitus var. benyalensis, but the outer angles of the slightly 
prominent posterior margin obtuse. The length of the telson 
equals in both specimens 3.1 times the width of the posterior 
margin ; the greatest width anteriorly is, in the larger specimen, 
1.93 times, in the other just twice the width of posterior margin ; 
in both specimens the spinules of the upper surface, which are 
0.3 mm. long, are situated as in the var. bengalensis of A .  para- 
crinitus, the anterior pair anterior to the middle, the proportion 
between the length of the telson and the distance of that pair from 
the posterior margin being, in the larger .specimen, 1.73, in the 
other 1.85 ; the proportion between the distances of both pairs of 
spinules from the posterior margin is, in the larger specimen, 1.6, 
in the other 1.7. 

Meropodite of larger chelipede twice as long as wide; upper 
margin unarmed at its extremity, infero-internal margin with a 
small acute tooth at  the apex and with seven small movable spi- 
miles, 0.117 mm. long, inserted from the proximal extremity to the 
distal third. Chela 8.4 mm. long, one third longer than the cam- 
pace, 2.8 times longer than high, end somewhat compressed, its 
thickness being in proportion to  the height as 2.3 ; upper and lower 
borders of the palm (Pl. LXX. fig. 3) nearlyparallel, lower bordw 
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rou?&d, slightly concave at the base of the immobile finger, thotlgh 
not emarginate or notched ; upper border also rounded, but pre- 
senting, just behind the truncate distal extremity of the palm, a 
narrow groove, running obliquely inward, though not contiriued on 
to the inner surface of the palm ; this groove (Pl. LXX. fig. 3) runs 
parallel with the oblique anterior end of the elliptical area. The 
dactylus, a little longer than the immobile finger, measures almost 
one third of the palm and almost one fourth of the whole length 
of the chela ; the palm is sparsely though distinctly punctate, 
the inner surface anteriorly, like that of the immobile finger, 
hairy, the outer surface of the latter longitudinally grooved. But 
for the oblique groove on the upper border, the larger chela much 
resembles that of A. paracridus var. bengucleiLsis. 

Meropodite of smaller chelipede like that of the larger, but the 
infero-internal margin, though also with a small acute tooth at 
the extremity, with only four or five movable spinules. Chela 
5.55 mm. long, the larger chela once and a half as long as the other ; 
the smaller chela (PI. LXX. fig. 4), the fingers of which are about 
as long as the palm, is 3.7 times longer than high, the palm twice 
as long as high, with the upper border entire and rounded, like 
the lower. 

Meropodite of 2nd legs in the larger specimen 6 times, in the 
other 6.85 times, longer than wide. I n  the larger specimen the 
1st carpal segment, 5.3 times longer than thick, is just twice US 
long as the 2nd, the 2nd twice as long as the 3rd and as the 4 t h  
which are of equal length, and the 5th a little shorter than the 2nd ; 
the chela, the fingers of which are a little longer than the palm, is 
almost twice as long as the 5th segment. In the other specimen 
(PI. LXX. fig. 5) the 1st carpal segment, 6.3 times longer than 
thick, appears 2-44 times longer than the 2nd, and the 2nd, which 
is slightly shorter than the 3rd and the 4th taken together, is as  
long as the 5th; the chela, finally, the fingers of which are slightly 
longer than the palm, is 1.8 times longer than the 5th segment. 

The proportions of the 5th pair (PI. LXX. fig. 6) are: Carpus 1 ; 
meropodite 1.18 ; propodite 1.07. Meropodite 5.2 times, carpus 
6 times, propodite 7 times longer than wide, these members with 
rather long setae, and the propodite with the usual bristles; 
dactylus, as in A .  paracrinitus, tapering, acifminate, 4 times as 
long as wide at its base, slightly curved, simple, without any trace 
of a secondary claw, and measuring just two$$Lths of the propodite. 

Unfortunately the legs of the 3rd and 4th pairs are absent in 
both specimens, except one leg of the 4th pair in the younger 
individual ; the meropodite is quite unarmed, the propodite carries 
6 spinules, and the simple dactylus agrees with that of the 5th legs. 

dlpheus parucrinitw Miers differs by the upper border of the 
larger chela being entire, without a groove, by the different shape 
of rostrum and frontal margin, by the shorter stylocerite, and 
probably by other characters; A. lamloti  is a more different 
species; and A. mcrochirus Richters, finally, differs at first sight 
by the flattened, triangular rostrum, by the longitudinal groove 
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on the upper border of the larger chela, there being Iiereino 
transverse gmt-e ,  by the stouter shape of the smaller chela, by 
the dwtyli of the 3rd and following legs being armed with two 
aweswry claws, etc. 

EXPLANATIOS O F  PLATE L S X .  

Alpheua ehlera'i. 
Fig. 1. Frontal nnd anteniinl region of the larger specimen, X 83. 
Fig. 2. TC~ROII of the snine, X 23. 
rig. 3. Largur chela nnd C H ~ ~ U J  of the larger bpecimen-looked at from the inner 

Fig. 4. Snialler chelipt.de of tlie snme, X P i .  
Fig. 5. Second leg of the younger specimen, X 11. 
Fig. 6. Fifth leg of the larger specirnen, x 83. 

side, X 8fr. 

June 15, 1909. 

Dr. A. SMITII WOODWARD, F.R.S., Vice-president, 
in the Chair. 

Mr. H. W. Unthank, F.Z.S., exhibited IL skull of S p h ~ ~ ~ d o ~ t  
with two bones on each side in the n w l  region, and made the 

Sphenorlon skull with abnormal nasal region. 

n. Left median bone in nasal region. 
b. Left external bone in naml regioii. 

following remarks :-" In place of the usual single nasal on each 
side there appear to be two bones, one near the median line, the 
&her more external, the line of division running from before 
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backwards (text-fig. 214). On sawing acrom the middle of the 
nasal region the antmior part of the median pair of bones came 
away with the premaxills and vomers, leaving the external bones 
in eitzc. These show bevelled inner edges where they were 
slightly overlapped by the median bones, so that the surface- 
marking is that of a suture in the middle of what is usually a 
single nasal bone.” -- 

The Ears of an Elephant frono British Eust A-frica. 
The Secretary exhibited the ears of an Elephant shot by 

Mr. Sutton Timmis, F.Z.S., on the Guaso Ngishu Plateau, east 
of Mt. Elgon, British Erlst Africa. The ears of this elephant 
(text-fig. 215) were elongated verticnlly, with an arched upper 

Text-fig. 215. 

Right ear of en Elephant (Elephus ufricnnus eeli) froin the Guaso Ngishu Plateau, 
British East Africa, from a specimen shot%y,and in the possession of, Mr. Sutton 
Timmis, F.Z.S. 

border, and a long, relatively narrow, and pointed lappet. The 
general shape corresponded closely with that of the ears of the 
elephant from the Aberdare Mountains, British East Africa, 
figured by R. Lydekker (P.Z. S. 1907, p. 393, text-fig. 114). 
The vertical length (4 feet 9 inches) and the greatest breadth 
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(3 feet 2 inches) were greater than the corresponding dimensions 
of Mr. Peel’s specimen, described by Mr. Lydekker, and the ear 
was relatively not quite so narrow, but the general formation was 
c!osely similar. This new example confirmed Mr. Lydekker’s 
diagnosis of E. u. peeli. -- 

Mr. J. C. White, C.I.E., C.M.Z.S., exhibited photograplis of 
t i  living specimen of a young Takin (Bzdorcccs) from Ghassa, 
N.W. Bhutan. The photograph (text-fig. 216) had been taken 
on b o d  ship at Calcutta and the animal was to be presented to 

Text-fig. 216. 

Young inale Takin ( h d o r c a s  taxicolor wliitei). 

the  Society. The Secretary added that he had ascertained that 
the Takin had reached Genoa in good condition and might be 
expected at the Gardens about June 21st. It was the first Takin 
that had reached Europe alive. 

-- 

On behalf of Mr. R. Lydekker the Secretary exhibited photo- 
graphs of a spotted bull Tsaine or Bantin shot by Mr. Arthur 
Porter in the great forest of Siam in  November 1908. The 
tawny-coloured hair of this bull is flecked all over with small’ 
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white spots, as is shown not only in the photogmph (text-fig. 217), 
but by a piece of the hide presented by Mr. Porter to the British 
Museum. When noticing this animal in ‘ The Field ’ newspaper 
Mr. Lyclekker suggested that the spotting might be a “ sport,” or 
due to senility ; but since that date a second spotted Tsaine has 
been killed by Mr. Elwes, a friend of Mr. Porter, in the mnie 
forest. This considerably alters the case, although there is no 

Text-fig. 217. 

Spotted Hull Tsaine from Siam, photographed by Mr. Elwes. 

information a~ to whether all adult male Siamese Tsaine are 
flecked with white. As no such flecking has been recorded in 
Burmese Tsaine (Bos sondccict~s birma7ticus), Mr. Lydekker ven- 
tured to provisionally propose the name B. soitdaicus porteri for 
the Siamese Tsaine, taking the piece of hide in the British 
Museum aq the type. 

A qtew Rat from Guatemala.* 
Mr. Oldfield Thomas, F.R.S., F.Z.S., exhibited specimens of (t 

new Rat which had been obtained by Mr. G. C. Shortridge during 
the collecting trip to Central America on which he had been 

* [The complete account of this new species appears here, but the name and n 
preliminaiy diagnosis were published in the ‘ Abstract,’ No. 73 (June 16, lW).- 
EDITOE.] 
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recently sent by the Society. The trip had been mainly organized 
to obtain live animals, but it had been n definite part of 
Mr. Shortridge's duties to collect what study-specimens he could, 
and thesehad now been presented to the National Museum by 
the Society. 

The species was described as follows :- 
O T o r Y L o m s  GUATEMALA 

Thos. Abstr. P. Z. 8. 1909, p. 32 (June 15). 
Allied to 0. phyllotis, but considerably larger. 
Fur soft and fine. General colour above uniform greyish-brown 

(rather browner than " mouse-grey ") ; back darkened by black- 
tipped hairs. Under surface white, not sharply defined latterally, 
the majority of the hairs white to the roots, but down the centre 
of the chest and belly many have slaty bases. Ears not specially 
enlarged, naked, greyish. Hands and feet prti-coloured, the 
centre of the metapodials slaty-brown, their sides and the digits 
white ; in 0. phyhtie the whole of the hands and feet are white. 
Tail not 80 entirely naked aa in the allied forms, as there are a 
few scattered hairs along its under surface ; grey above, rather 
paler below, not contrasted or mottled. 

Skull markedly larger in all dimensions than that of O.phy&&, 
but showing all the characters used by Dr. Merriam to distinguish 
that a n i d  from true Tylomys. The brain-case is, however, 
deeper and the palatal fommina are not 80 large. 

Molars with a low but well-marked supplementmy cingdar 
ridge running transversely across in front of the anterior cusps, a 
structure also found in O.phy&tis, but not in Tylomys, nor, LIO P&T 
as I know, in any other genus of Cricetinse. 

Dimensions of the type, measured in the flesh :- 
Head and body 170 mm. ; tail 161 ; hind foot (s. u.) 28 ; em 16. 
Skull-greatest length 40.7 ; basilar length 31.5 ; greateat 

breadth 20.5 ; nasals 15 ; interorbital breadth 6.7 ; breadth acmq 
parietal ridges 16.2 ; palatilar length 16.6 ; dimtema 11 ; palatine 
foramina 8-1 x 3.5 ; length of upper molar series 6.8 (in another - _ _  
specimen 7.2). 

Hab. Tucuru, Polochie R., about 50 miles E. of Coban, Guate- 
mala. 

Type. Adult female. B. M. no. 9.6.11.13. Original number 4. 
Collected 24 January, 1909, by G. C. Shortridge, and presented 
by the Zoological Society. 

This species is at once distinguishable from 0. phylZotis by its 
larger size, greyer colour, and parti-coloured feet, in which 
respects, as in its smaller palatine foramina, it tends to approach 
the members of Tylomys. 

Mr. Thomas expressed his pleasure that the discovery of so 
lllarked a new'form had resulted from the dispatch of Mr. Short- 
ridge to Central America, and hoped that the Society would 
undedake many such expeditions in the future. 

It is smaller than 0. ficnaezcs Allen, 

-- 
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The Coral Islatad Questiow. 

Dr. F. Wood Jones, F.Z.S., exhibited lantern-slides, models, 
and specimens to illustrate the formation of coral structures. The 
following is an abstract of his remarks :- 

The full communication upon which the demonstration was 
based will be reproduced in its complete form elsewhere. The 
present note consists merely of a brief r6mcnG of the problems 
requiring solution, a criticism of those theories already advanced, 
and a proposal of some new suggestions arising out of the study 
of the atoll of Cocos Keeling. 

(i.) The problems demanding explanation. 

A theory that is to be satisfactory must not be limitdd in its 
application to any one form of coral structure, but must account 
for the origin of all those forms of reef and island that are built 
up of coral. It must take notice not only of the larger land 
masses, and the more obvious geo,araphical structures, but must 
embrace the actual growth tendencies of the coral colonies them- 
selves, for it is merely by an aggregation of such colonies that 
these structures are made up. The submerged coral bank, the 
barrier reef, the fringing reef, and the atoll must all receive an 
adequate explanation ; and this explanation must be compatible 
with the actual processes that may be observed to take place in 
the inclividual colonies of a reef. 

I n  the case of the atoll-the most highly developed of all the 
coral structures-the theory must satisfactorily account for the 
presence, and development, of all the several parts that enter into 
its composition. Finally, no explanation must be considered as 
adequate that carries us only to  the stage of the developed atoll, 
for it must also agree with, and account for, the tendencies of its 
known after-history. 

The problems connected with the development of the atoll are 
to be correctly gauged only from a proper appreciation of the 
whole of its structure. The explaining of the origin of an 
extensive coral reef situated upon a large ocean plateau, the 
mere raised rim of which constitutes dry land, is a problem 
different from that involved in accounting for a ring of islands, 
when theso islands are supposed to be the summit of an abruptly 
rising oceanic peak. 

The question of the actual contour of the elevation of the 
ocean floor upon which the atoll itself takes origin, is a very 
important one; and, in the case of the Cocos Keelings, the 
soundings of the cable routes hare accurately determined the true 
proportions of this island basis. I n  this case, the bank that rises 
from the bed of the ocem is by no m a n s  a steep one, and it is 
only the drop from the reef edge into comparatively trivial depths 
that may be termed a t  all abrupt. For the rest, the basis consists 
of a gradually shelving slope of Globigerina and Radiolarian ooze 
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which does not reach 3000 fathoms-or ocean depths-till over 100 
miles are traversed from the atoll. The summit of this long ridge 
is composed of Globigerina ooze, and for ten miles from the reef 
edge-that is to a depth of 2000 fathoms-the gradient of the 
bank is 1 in 5. From this point on, to a distance of 50 miles 
from the reef, the slope is about 1 in 80, and then for the next 
50 miles or so, at 1 in 100 to the ocean depths of Radiolarian 
ooze. The presence of this great bank of ooze demands an 
explanation. Upon this submarine plateau there is a coral-reef, 
and it is necessary to explain how the bank becomes a suitable 
site for coral growth-since we know that the bathymetrical 
range of reef-building corals is slight ; and also to account for this  
limitation of the extension of reef-coral life in the depths of 
the sea. 

We know that on such banks such reefs exist helow the surface 
of the sea, and (from the soundings of Admiral Sir J. W. L. 
Wharton) we also know that, before they reach the surface, 
their margins are raised above the level of their central area. 
These are Darwin’s “drowned atolls,” and if his theory of the 
development of coral structures be not accepted, any new theory 
must take cognisance of these basin-shaped reefs. Another 
typical feature is the level plateau of coral breccia that forms the 
barrier reef and shore platform of the atoll, nnd that-although it 
does not appear to be recognized-runs uninterrupted beneath the 
surface of the islands, and outcrops upon the lagoon shore. To 
this whole platform of consolidated coral conglomerate I have 
given the name of the Breccia Platform, for its subdivision into 
barrier reef, shore platform, lagoon breccia, Lc. is artificial, and 
ignores the fact that these parts are all in continuity, being 
really one level stratum upon which the islands rest as mere 
debris piles. The Breccia Platform of an atoll runs as H. con- 
tinuous structure round the whole extent of the ring, save where 
the lagoon extrance exists. 

The origin of the Breccia Platform must be made clear, and 
its presence as a continuous layer beneath the surface of the 
islands needs explanation. It is the normal state of affairs for 
the entrance to the lagoon to be situated upon the lee side of the 
atoll and this requires explanation, as do also the facts: that some 
atolls are perfect circles with no entrance to the lagoon, while 
some have a pseudo-entrance to the windward. 

I n  some atolls, each constituent island of the ring is itself an 
atollon and encloses its own lagoonlet ; in others, certain of the 
islands only become atollons, or some, or all, of the islitnds are 
crescent-shaped, and are only approximations to the circular form. 
These conditions are obviously the outcome of the actions of 
forces very similar to, or identical with, those that formed the 
parent atoll, and the explanation of its formation should also be 
applicable to the cases of the constituent islands. 

Observations extending over a long period of time may be 
recorded of several atolls, and in these cases it is usual to find 
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that the lagoon tenils t o  become steadily more shallow, while the 
nctual growth of coral upon its bottom actually diminishes. In  
so:ne cases, and in certnin stages of atoll development, this change 
takes place rapidly, so that in the human history of the atoll 
great alterations have taken place in lagoon configurittion. Again, 
the lagoons of many atollons, and of some atolls, become entirely 
obliterated and dry land joins island to island across the ring. 
The theory that furnishes an explanation for the origin of these 
structures must not be in opposition to this known fact of their 
after history. Some high oceanic islands possess a reef that 
surrounds their coast-line and is a mere outskirt to their land j 
while, in some cases, the reef stands out from the shore, and a 
channel of shallow water intervenes between the shore-line and 
the reef. These features must be accounted for, for the near- 
shore reef and the outstanding reef are evidently very similar 
formations to  the reef that is seen as the seaward margin of the 
breccia platform of atolls. 

Finally, colonies of Porites, and other corals of a massive habit 
of growth, tend, with their increase of size, to become first 
flattened at the top and then basin-shapeil,-only the outer edge 
of the top of the colony being a raised rim of living coral. This 
formation is strangely like an atoll in miniature, and its develop- 
ment must be cmxfully studied. 

(ii.) The theories put fnrimrd to expplccin these pro6Zenzs ccnd m 
disczas&o?& of some observed f m t s  that tend to wntrudict 
thaw. 

(a) The Theory of Subsidmace ; &st brought forward by Darwin 
in  1837 (Proc. Qeol. SOC. vol. ii. p. 552). I n  this theory the 
sinking of the land basis was the cause of all the typical features 
of fully developed cord structures. 

The oceanic bank is assumed to be the remains of old land sunk 
beneath the waves. The steps of development are as follows. An 
oceanic island is si tuted in a sea the conditions of which, such 
~b constant temperature kc., permit the flourishing of the reef- 
building corals. The coral colonies grow around its shorea wherever 
the submarine slope furnishes foothold within their bathymetrical 
range. The process of 
subsidence causes the island to sink slowly beneath the waves. The 
reef continues to grow upwards, especially at its outer edge, for 
Darwin said that better aeration by waves, and more abundant 
food, nourished the outer colonies ; there is no compensation for the 
sinking land, and the island becomes surrounded by a moat, girt 
about by an outstanding cord-reef. The procem pea on : the 
land finally sinks within, and the reef-upon which islands are 
;tfterwatds developed-encloses a Iagoon in which the original 
island has disappeared, Finally, when subsidence is too rapid for 
the upgrowth of the coral-reef to keep pace with it, the whole 
structure sinks beneath the waves as a reef with raised mag: as--- 

The island becomes surrounded by a reef, 

PROC. ZOOL. SOC.-1909, NO. XLIq. 46 
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a " drowned atoll." The theory is wonderfully complete and 
embraces every form of coral structure. Many observed facts have, 
however, been accumulated since its first proposal, and ninny of 
these observations tend to make the theory untenable. 

Atolls are known to exist on land areas actually rising-'' high 
islands " and " low islancls " exist in the same neighbourhood ; 
ant1 some atolls bear unmistakable signs in their own structure 
of actual elevation liaving taken place during their formation. 
(Semper.) 

The undermining of trees and the denudation of shore-lines 
do not necessarily indicate subsidence, for they are inconstant 
effects, and an area of lnnd denudation is compensated for by an 
area of land construction at another part of the idand ring. The 
lagoon does not tend to become deeper as time goes on, nor do 
its shores tend to becoine constantly denuded by their sinking 
beneath the waves ; but lagoons tend to shoal, and lagoon shores 
to encroach upon the waters of the lagoon. " Drowned atolls '* 
are not necessarily final stages of atoll sinking, for they may be 
early stages of atoll making. 

It is not to be assumed that subsidence, like a conflagration, 
obliterates its own evidences, for were subsidence to have been a. 
factor in the forniation of the Coros atoll, the Breccia Plntjbwi 
woulcl inevitably show its workings. 

Since the outer edge of the Breccia Plcctfornz is the most 
recently formed part, and its inner edge is its most ancient part ; 
and since, in its whole extent, it embraces portions laid down 
throughout an enormous period of time: it is erident that the 
level of its outer edge should he higher than that of its innel, 
edge, if subsidence had occurred-and this is not found to be 
the case. 

The fact that atolls tend to be elongated along the line in whicli 
the group to which they belong is stretched (Sollas, Brit. Ass. 
1893) does not necessarily indicate that subsidence has caused the 
sinking of a long ridge of oceanic land, for since the wind has a 
great influence in atoll shaping (Krnmer, Heclley, kc.), the wind 
that shapes the individual atoll tends to shape the whole group. 

(b) The Theory of Solution ; first brought forward by Sir John 
Murray in 1880 (Proc. Roy. SOC. Edin. April 5th, 1880). Between 
the date of the publication of Darwin's theory and the franiiiig of 
this hypothesis, several new observations had been made, ant1 
some of these were of such a nature as to tend to disprove the 
earlier theory, and some of them greatly simplified the problenl. 
It was known that banks did exist in the sea upon which reef- 
corals might conveniently start their building. This knowledge 
was not available in Darwin's time. 

I n  Sir John Murray's hypothesis these banks are assumed 
be probably volcanic in origin and to be afterwards clothed with 
Globigerina-ooze. The reef is formed upon the bank when the bank 
is of a convenient depth, and the corals of the outer edge grow 
more luxuriantly because they are better fed. The central pal+, 
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of the reef are gradually removed by solution of dead coral-roc8 
owing to the action of carbonic acid gas dissolved in sea-water. 

The lagoon is caused by the solution of the calcium c:wbonate 
of the coral colonies within its limits, and so the atoll shape is 
developed. 

The existence of such banks in the open ocean is, of course, 
undoubted, but the evidence that they are all volcanic seems to 
be lacking : that  they are clothed with Globigerina-ooze is well 
known from many observations. 

That carbonic acid gas in sea-water can dissolve calcareous 
skeletons of coral colonies and other marine animals is a well 
ascertained fact, but that the process forms atoll lagoons is a 
inere hypothesis. The work of Murray, Irvine, and Ross shows 
that at greater depths the power of solution of sea-water is greater 
than at the surface : an  explanation is therefore needed for the 
non-solution of the base of the island bank, while the process 
proceeds so rapidly at lesser depths as to form deep lagoons on its 
summit. 

That calcareous matter suspended (but not dissolved) in the 
sea-water is swept in great quantities from lagoon outlets is true, 
as Sir John Murray observed; but i t  is also true that a t  the 
inlets i t  pours into the lagoon in such quantities that in COCOS 
atoll Dr. H. B. Guppy (himself an  advocate of the solution theory) 
estimated that 5000 tons of sand and debris were washed in and 
deposited about the lagoon margins every year. 

The deposition of calcareous matter carried in stcspension in the 
water takes place more rapidly in the lagoon than does its removal. 
It is true that coconut palms are seen to overhang the waters of 
the lagoon as though the shore had been dissolved from about their 
roots : the fallacy of this argument has long been made evident 
when i t  is used as a support for the Theory of Subsidence, and is 
no less evident when urged to support the Theory of Solution. 
It is an  accurate observation that the islets on a reef are 
commonly situated nearer to the lagoon shore than to the seaward 
edge, but this is the outcome of their method of making by the 
waves, and by the outward extension of the reef, and does not 
necessarily indicate that matter has been removed from within. 

If it be granted that the waters of the lagoon might be specially 
favourable to the action of the processes of solution : it remains 
to be explained why the central portions of a reef, twenty fathoms 
under water, are dissolved more rapidly than are the outer margins. 
Until this explanation is supplied, basin-shaped reefs or " drowned 
atolls " do not become any easier to account for. The Solution 
Theory is urged to account for the formation of lagoons, and to 
explain how they become " widened and deepened " ; but the 
widening and deepening of lagoons is contrary to experience, for 
narrowing and shallowing is the common fate of lagoons. 

Granting that solution proceeds rapidly in lagoons, i t  still must 
be remembered that calcium carbonate is deposited from solution 
in large quantities within the lagoon area. Lagoon sandstone 

46* 
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is entirely a product of the lagoon, and so is the lagoon con- 
glomerate ; and both of these substances depend for their construc- 
tion on the deposition of calcium czarbonate around particles held in 
close contact. Again, fragments of dead colonies that are trundled 
np ant1 down the lagoon shores by every tide, are commonly made 
more hard and more lieary by a rich deposit of calcium carbonate 
in the interstices of their structure. Finally, if solution of 
ctilciuni carbonate is taking place within the confines of the lagoon, 
its action mnst be n. feehle one, for in the Cocos lagoon are wide 
areas coyererl by clead coral colonies, killed, as we clefinitely know, 
in 1676; and these dead masses have resisted solution during the 
past 30 years. 

(iii.) Suggestio?isput forwwrd by the Author to exphiqh the 
developnient of Corul strztctwes. 

As an outcome of observations made on the Cocos-Keeling atoll, 
it  is suggested that the process of "Sedimentation" takes the 
largest share in the production of most of the stages of an  atoll's 
history. The bed of the open Ocean is composed of matter that 
h.w fallen from the surface ; sedimentation is always taking place 
nll over the ocean. I n  certain places, sometimes owing perhaps to 
the influence of oceanic currents, sometimes to the presence of an  
dready existing elevation upon the ocean bottom, this sediment 
will tend to make ridges or banks. Many such banks are known 
to exist in the depths of the sea. 

What may be the nature of the original elevation that has 
become covered by this deposit of Globigerina and Pteropod ooze, 
we clo not know. Whatever their original nature they become 
essentially " Sedimentation " banks. 

The question then arises as to where beneath the surface of the 
sea will the building of banks by sedimentation become arrested. 
The answer may be partly given by determining where wave 
action ceases to be felt below the surface of the sea, and the data 
to be derived from published observations on this point show the 
level to be somewhat inconstant. Its variability would be con- 
tidently expected, for waves vary enormously in their size and in 
their power to stir the underlying water. Yet we know that there 
is some point between the surface of the ocean and the bottom, 
above which the action of waves is felt and sediment will not 
come to rest in open ocean, and below which there is no wave 
stirring and sediment may rest and build banks and raise the 
ocean bottom. This point is considered important; and the  plane 
in which this: line of stasis occurs is named the limiting l i w  of 
sedirnsntwlion. It is therefore to  the  limiting line of sedinwht- 
cctioii that  banks formed by sediment may be raised. A bank 
so raised would rise to such a plane, but could not go beyond it, 
for the wave motion would keep the particles moving, and thus 
level out the top of the bank and flatten it, 60 that  it formed H, 

plateau at the level of the limiting l i m  of sedimentcstion. It is 
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claimed that the bathymetrical limit of the reef-building corals is 
intimately associated, if not coincident, with the Einaiting l i n p  of 
serlimentation, and t h a t  i t  is therefore a variable plane depending 
on the local conditions of the sea. The reasons for this coincidence 
are to be found in the study of the living corals themselrek; 
and I have come to the conclusion that the presence of matter 
suspended in the water is the most potent factor in  rleterinining 
the unsuitability of an  environment for coral life. Where serli- 
ment is at all times liable to fall upon the living zooids, reef-corals 
will not flourish : we would therefore not look for their luxuriant, 
presence below the limithg tine of sedintentntion. I n  the wwe- 
stirred area above this line, however, they can ant1 do flourish. 
W e  therefore arrive at the presumption that sediment can build 
banks up to this hypothetical line, and reef-corals can build banks 
from this line up to  tlie surface of the sea. There is therefore 110 
reason why coral colonies should not settle upon the hank and 
start the development of a reef. As a matter of fact several other 
forms of life that possess calcareous skeletons outrun the reef- 
corals in bathymetrical range, and it is likely that they (calcareous 
a l p ,  deep water coids, kc.) first populate the summit of the 
bank. 

The process now becomes less a matter for hypothesis and more 
one for actual observation, for the growth tendencies of reefs and 
of colonies may be more easily stndietl. It is claimed that the 
tendency is for such reefs to become ‘ I  basin-shaped reefs,” and 
to tlevelop as flat banks, with edges raised from their general 
surface and abundantly covered with coral colonies. The chief 
factor in this process is again the action of sedimentation. The 
surface waters still drop their burden of suspended matter over 
the reef, and it is deposited upon the uneven surface of the coral 
colonies, for, though it could no longer come t o  rest upon the 
open sedimentation bank, i t  more easily finds a lodgment upon 
the broken coral surface of the reef. At the edges of the reef the 
sediment becomes more easily washed off by wave action, and the 
corals of the circumference of the reef flourish most. 

To obtain a concrete picture of the process i t  is only necessary 
to turn to the colonies to be found any day in quiet pools in which 
sediment is accumulating. A colony of Porites grows as a 
spherical mass. I n  time it develops to such a size that its rounded 
upper surface becomes sufficiently flat to aford a lodgment for 
sediment. Then the activity of its central zooids wanes, and, by 
the upgrowth of the peripheral ones, the flatteningincrenses. At 
length the central area dies-the zooids choked by sediment,-and 
a raised ring of active living zooids surrounds a central depressed 
nrea-an atoll in miniature. 

That this process is not due to the colony reaching tide-level 
(Darwin, Memper) is proved by the abundant finding of such 
colonies developed many feet below the level to which the tide 
ever falls. 

The process t,liat map be seen any day in the myriad colonies 
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ai~ound an atoll, is presumed also to occur on tlie reef a s  a whole, 
for it is merely a question of substituting colonies for individual 
zooitls to picture the development of the submerged basin-shaped 
reef. 

The basin-shaped reef continues to grow upwards until tide 
limit arrests the growth of its margins. A t  this stage the waves 
begin to act upon it and hammer fragment aga.inst fragment 
with the production of a quantity of coral debris at the point of 
innximum intensity of the waves. This cl6bris becomes cemented 
into solid breccia by the deposition of calcium carbonate around 
the particles that compose it. This is the beginning of the breccia 
platform, and its origin may be looked for upon the windwarcl side; 
and on that side it w-ill nlways remain best cleveloped. 

The breccia platform follows the raised rim of the reef in its 
development, ancl forms a level, solid, conglomerate crescent, upon 
which the waves break at low title. Upon this platform some 
waves of unusual violence will hurl fragments broken from the 
reef margii:, aricl these masses will he left stranded upon the 
platform when the force of the waves can trnnclle them no 
further. 

This is the beginning of the island, antl this process a.lso may 
be expected to originate a t  the mindwarcl side and to be always 
most perfectly developed there. Any fragment thrown iipon the 
breccia platform is potent to bring about an  important change, 
for it initiates a process that may be seen anywhere when :in 
obstacle i: placed in tlie line of a current of wa.ter that carries any 
sediment in its stream. The current impinges on the impediment 
and its burden of sediment is deposited in stream lines from its 
extremities (Hadley and Dr. Guppy). I n  this way the form of 
the island tends to become that of a. crescent. 

The piling up of fragments will follow the line of the breccia 
platform, and so will take place as a part of the circumference of a 
circle or a hoi,se-shoe. A t  the lee side, the waves will not lime 
sutiicient force to construct a breccia platform or pile debris upon 
it, so the lagoon entrance is situated upon this side. When the 
wind blows in opposite directions for two definite seasons, as in 
the Monsoon area, the action may be eqmlisecl all round the reef- 
edge, and so the atoll be a completed ring and each of its con- 
stituent islands be perfect, atollons. I n  the Trade area., how- 
ever, the iiniforniit,y of the wind will produce a horseshoe-shaped 
atoll, elongatetl in tlie line of the wind, with crescentic islands 
on its winrlwal’d side. When the atoll structure is once developed, 
the encioaed lagoon tends to become the resting-place of a vast 
amount of sediment, formed by the disintegration of coral frag- 
nient,s by the force of the waves. The method of the deposition 
of this sediment is important. 

As waves rush over the breccia platform in the intervals between 
adjacent islands,.the current becomes slowed a t  the sides of the 
inlet, antl sand is deposited in stream lines from the extremities 
of bhe islancls, helping to increase more and more their crescent 
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form. In the inicldle of the interval between two islands the 
inrushing current sweeps on farthest, and its burden of sitnd is 
chopped in the lagoon opposite the yap iw. the island 7i7ag. 

This process accounts for the existence of those atolls that have 
the most land upon their leeward side, and an  entrance gtsarcled by 
CL breccia pbtforni upon their windward side. The sand swept in 
at their windward side is deposited upon the lee side of the lagoon 
(if i t  be a small one) and comes to rest in the original lagoon 
entrance. The entrance becomes blocked up, and a wide belt of 
land is formed upon the lee side of the atoll; but no barrier 
reef exists upon the lee side. 

As smd is deposited in the lagoon it tends to obliterate the 
coral growth, and so a lagoon, that  a t  first tended to become 
shallow by the npgrowth of coral colonies, ultimately becomes 
tleroid of living coral, and to shoal entirely by the deposition of 
sediment. In the Cocos-Keeling atoll, the history since 1855 
shows a steady filling-in of the lagoon. The continuation of the 
process that formed the perfect atoll, therefore, tends to  obliterate 
the lagoon. The lagoon shores p i n  on the lagoon water, and 
banks rise up in its ~hallower parts ; the wiiidu.,zrd side of the 
lagoon, if it  be of 1:trge size, being the first portion to become 
olditeratecl. 

The explanation of the origin of fringing reefs folloivs the same 
lines. On cc1~y platforin that lies above the linzitiny liiie of sedi- 
mar~tnt ion,  reef-cornls will develop, when the conditions of the 
water are suitable. Fringing reefs are merely reefs taking origin 
upon tlie submnrine slopes of oceanic land, when these slopes afford 
i t  foothold in the wave-stirred area. 

Barrier-reefs were explained in 1856 by Prof. Le Conte as being 
fringing reefs of which the growth WRS “ limited on one side by 
tlie mudcliness of the water, and on the other by the depth.” In  
1884 Dr. Guppy independently furiiished the same explanation. 
This explanation, which is an isolated and tliscorrlant thing when 
“ Subsidence” or “ Solution ” is taken as accounting for atoll 
forinntion, becomes of consequence, and falls into line with other 
:tscertained facts, when the importance of “ Setlimentation ” is 
appreciated. 

Dr. R. Brooin, C.XZ.S., exhibited an unborn fetus of 
Chrysochloris hotteiatotcc, and two young specimens of C. ccsicitica, 
one probably only a couple of days old, and made some remarks 
on the habits and life-history of the Cape Moles. 

Dr. R. Broom, C.M.Z.S., also exhibited the skulls of two 
South African fossil reptiles-~ycosicchzcs vccm?errieti and BCML&~ 
cynops. The former is from the liarroo Beds of Middle Perminn 
age, and is the most perfect Therocephalinn skull as yet discovered. 

Since Omen’s order Theriodontia mas found to contain two well- 
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marked groups of mammal-like reptiles, it has beconie necessary 
to subdivide the group, forming either two new orders or two bub- 
orders. The older group, which is confined to Permian beds, has 
a single occipital condyle and a Rhynchocephalian palate, and has 
been named Therocephalia. The other group, which is restricted 
to Upper Triassic heds, has two ocoipital condyle6 and a mammal- 
like secondary palate, and usually complex molars. This group 
should retain Owen’s original name Cynodontia. Doubtless tlie 
later group is descended from the earlier, and Bouriu, though a 
Cynodont, to some extent forms a connecting link. The 
Cynodonts are of exceptional interest, as there is little doubt the 
mammals have arisen from one of the members. 

The following papers were read :- 

1. On the Organ of Jacobson in Oryctewym. 
By H. BROOM, D.Sc., C.M.Z.S. 

(Plate LXXI.*) 
About 1898, in studying the comparative :matomy of the organ 

of Jacobson in  Mammals, I observed that throughout whole groups 
the structure and relations of the organ va.ried very little, a i d  
that as.the organ seemed to be less affected by change of habits 
than almost any other, it was of great importarice in revealing the 
obscured affinities of aberrant forms. It was seen that, notwith- 
standing the enormous differences in most points between the 
Ungulates, the Carnivora, the Chiroptera, and the Insectivoi-a, tlie 
same type of organ is found in all, while a markedly different 
type is found in  all Rodents, and a third type in Bosypus. W-hen 
the aberrant Macroscelides was examined, it was found that tlie 
organ was not a t  all like that of the nornial Insectivores but 
almost typically Marsupial, showing that though for convenience 
the Elephant-shrew is placed with the Insectivora it has probably 
little real affinity with them. 

Owing to the apparently isolated position occupied by Orycte- 
ropus, as shown by its dentition and numerous other characters, 
I had long been anxious to examine its organ of Jacobson, but it 
is only quite recently that I lime had an opportunity of so doing, 
wheil, through the kindness of Dr. Peringuey, of the South 
Africen Museum, I obtained the head of a recently born 
specimen. 

The organ and its relations have been studied by means of 
transverse sections, so that a comparison is easily made with the 
large number of other mammals in which the organ lins been 
siniilarly studied. 

* For explaiiatioii of the Plate see p. 683. 

[Received June 3,1909.1 
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Owing to the absence of well developed incisors the pre- 
maxillary bone is feeble and the palatine papilla far forward. 
The papilla is rather small and has no trace of a supporting 
artila.ge. The naso-palatine, which is unusually long and passes 
for some distance nearly directly backwards, opens by the side of 
the papilla. 

A transverse section through the plane of the papilla shows the 
nasal cavity completely surrounded by cartilage, the nasal septum 
below being continued into the nasal-floor cartilage and this 
laterally into the alinasal. 

Fig. 3 on P1. LXXI. shows a section a little behind the papilla. 
The nasal-floor cartilage is here seen still attached to the nasal 
septum but distinctly specialised. The lower glandular ridge of 
the septum (Z.g.r.) is seen cut across. The premaxilla has not yet 
given off its palatine process. The naso-palatine a n a l  is seen 
under the inner part of the premaxilla. 

Fig. 4 is some distance behind fig. 3. The nasal-floor cartilage 
is free a t  its outer eclge from the alinasal, and the palatine process 
is now seen distinct from the premaxilla. 

The naso-palatine 
cans1 is seen curving up to open into the organ of Jacobson, and 
the nasal-floor cartilage is dividing into an inner and outer part. 
The palatine process of the premaxilla is of large size. Above and 
to the inner side is a small ossification which may be the remains 
of 6he prevomer. It is, howecer, very closely connected with tlie 
anterior end of the true voiner and may have no morphological 
significance. The anterior end of the maxilla is seen between the 
premaxilla and its palittine process. 

Fig. 1 is a section across the whole nasal cavity a very short 
distance behind the plane of fig. 5. The premaxilla is seen to be 
well developed. At the upper part of the section the anterior 
part of the nasal is shown, both parts of the bifurcated end being 
seen. The nasal septum is slender and the alinasal continued 
round the upper and outer part of the cavity. The inferior 
turbinal is cut across near its anterior end. On the inner side 
of the alinasal is a smdl plate of cartilage ( T . u . ~ . )  of doubtful 
significance. It is not attached to any other cartilage and would 
appear to be a rudimentary superior turbinal. Near the middle of 
the nasal septum is seen a well-developed upper glandular ridge 
which runs along the septum. The nasal-floor cartilage is non- 
seen in three portions, the middle one of which is the outer bar of 
Jacobson’s cartilage. The anterior end of the organ is seen cut 
across, and below it the nnso-palatine canal passing on to the 
nasal cavity. 

A little behind this plane the outer bar is seen uniting with tlie 
base of the inner part of Jacobson’s cartilage and giving rise to the 
V-shaped section seen in fig. 6. 

Fig. 6 shows the condition much behind fig. 1, and near the 
middle of the organ. 

Fig. 2 is a more enlarged figure of the organ and its related 

Fig. 5 is only a short distance behind fig. 4. 
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structures taken some little distance behind fig. 6. It will be 
seen that in both figures the organ is oval in section and that 
the ciliated epithelium is found all round, the most specialised 
portion being on the upper and inner sides. The greater part of 
the cartilaginous groove is filled by a huge venous plexus quite 
irregularly nnxnged. There is a fairly large artery, numerous 
nerves and a little glanclular tissue. On passing further back the 
glantl-tissue becomes niuch more abundant and the organ becomes 
rerlnced to a narrow duct. J.wobson’s cartilage near the posterior 
end is redncetl to a flat plate. 

I n  the relations of the organ perhaps the most striking point is 
the absence of any clevelopments of the nasal-floor cartilage to 
support the naso- palatine cand. Thus Ovytei-opz~s differs from 
all the Eutheria except the Etlentah as exemplified by D C L S ~ ~ U S ,  
and the aberrant Insectivore llfciwoscelicles. Even from the pri- 
initire Ungulates such as Procucicc or Szcs it differs so greatly as 
to suggest that any supposed Ungulate afinities must be extremely 
remote. 

The Rotlents form, so far as the organ of Jacobson is concerned, 
a group by themselves, but this group also must be very remote 
from O ~ y c t e r o ~ n ~ s .  W-e are thus forced to seek for. the aftinities 
among the more primitive mammals--the Edentates, Marsupials, 
and Monotrenies. 

Besides agreeing with these early mainmnls in the absence of 
cartilaginous developments for the snpport of the naso-pnlatine 
canal, i t  further agrees with them in having preserved the outer 
cartilaginous bar which is probably the remains of the turbinal 
of the organ. 

I n  the Edentata the organ has been described only in Dasypzcs 
ant1 a few notes have been made in the case of iUcunis. Dnsgptcs 
cliffers entirely from Oycteropzes in having the organ opening into 
the nasal cavity ant1 not into the naso-palatine canal and in many 
other details. 14funis agrees with OryteToptcs in having a long 
naso-palatine canal and in the organ opening into it, but in the 
absence of figures or detailed description it is impossible at present 
to say how far the agreement extends. 

On the whole the condition in OrycteropzLs comes nearest to that  
in the &Iarsupials, but there are many points of difference, of which 
the most important are (1) the absence of the pipillsry cartilage, 
and (2) absence of a cartilaginous support to the lower glandular 
ridge. Less important are the shape of the orgim, its mode of 
opening into the naso-pzlatine canal, and the very irregular venous 
plexus. I n  the structure of the naml-floor cartilage there is some 
resemblance to Echichch, but this latter has the organ and its 
cartilages so much better developed that comparisons become 
difticult. 

The evidence from the study of this region would seem to point 
to Orycteropzcs being clescended from a line of ancestors the earlier 
members of which were probably allied to Marsupials, whilst the 
later members branched off from the Eutherian stem before any 
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of the higher Eutherian types had been specialised. If the 
Orycteroptcs line ever coiiicicled with that of Duaypzcs the two 
must very emly have diverged. 

My thanks are due to Dr. PQriiiguey for the specimen, and to  
Prof. Graham Kerr for the use of his laboratory while making 
the Mections. 

Eeferences to Literature. 
R. RROOM.--“ A Contribution to the Comparative Anatomy of the 

Tr. Roy. SOC. Edin., 1898. 
R. BROON.--“ On the Comparative Anatomy of the Marsupial 

Mammalian Organ of Jacobson.” 

Organ of Jacobson.” Proc. Linn. SOC. N. S. W., 1897. 

EXPLANATION OF PLATE L t X I .  

Fig. 1. Transverse section of snout of Orycteropua a@. 
Fig. 2. Transverse section of Organ of Jacobson of Oryctsrcylus afer. 
Figs. 3-6. Transverse sections of lower part of snout of Orycteropus afer. 

X 6. 
X 40. 

X 7. 
a., a r t q -  ; g., gland; g.d., glanb-duct ; i.t., inferior turbinal; J.c., Jacobson’s 

cartilage; J.o., Jacobson’s organ ; I.d., lachrymal duct ; Z.g.r., lower glandular ridge ; 
X x . ,  maxilla; w., nerve ; Nu., nasal ; w.p.c., naso-palatine canal ; n.s., nasal septum ; 
o.a.J.c., outer bar of Jacobson’s cartilage ; Pmx.,  premaxilla ; p.Pmnx., palatine pro- 
cess of preinaxilla ; r.u.t., rudimentary upper turbinal ; u.g.r., upper glandular 
ridge ; Vu., vomer. 

2. On some Points in the Structure of the Lesser Anteater 
(Tanzanduu tetradactyla), with Notes on the Cerebral 
Arteries of il<yrmecophaya and on the Postcnval of 
Orycteyopus. By FRAXK E. BEDDARD, M.A., F.R.S., 
F.Z.S., Prosector to the Society. 

[Received May 20,1909.1 

(Text-figures 21 8-225.) 

I n  April of the present year I dissected an example of this 
Edentate in which the blood-vessels were filled with blood, and 
which was so little diseased that all the viscera and their con- 
necting ligaments were in a perfectly normal state. The excellent 
condition of the animal led me to take comprehensive notes con- 
cerning the principal viscera ; and 8s there are still some lacunae 
in the published accounts of the anatomy of this little Anteater, 
and a few organs have not, so far as I can ascertain, been examined 
a t  all, I have prepared a short account of such facts as appear to 
me to be new. Although the anatomy of Tarnandua has not up 
to the present been exhaustively studied, we are in possession of R 
good deal of knowledge concerning its structure. Duvernoy *, 

* MBm. SOC. Hist. Nat. Strasbourg, 1830, vol. i. This memoir is only descriptive 
of the tongue of Tumanduu (and of the tongues of some otheranimsls, e. g., Echidna, 
Chamcsleon). 
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Chatin *, W. A. Forbes t, Rapp $, and Flower 5 have dealt witli 
various points in its anatomy, the first three having occupied 
themselves chiefly with the salivary glands, t,ongue, and associated 
structures, while Flower has given in his well-known lectures a t  
the Royal College of Surgeons ft general account of the alimentary 
canal in which a number of facts are mentioned for the first time. 
A good mauy anatomical details are given in the monograph of 
Ra.pp : but only the external form, the skull, anti the tongue are 
figured by that anatomist. I n  fact i t  is the tongue and the 
salivary glands which have engaged the attention of most of 
those who have occupied themselres with the structure of this 
Edentate. As to the intestine, the folds which are so cha- 
i.acteristic of this animal and il.i?/naecophagcc are apparently not 
mentioned by Rapp. H e  does refer, however, to the fine net- 
work of a more minute character which is formed by the mucous 
membrane of the intestine. Of this he remarks that it cannot be 
altered by stretching the gut. I shall refer in the proper place 
more particularly to the memoir of Hyrtl  I j  upon the arterial 
system, who figures the arteries of the brain and of t,he limbs. 
The results obtained by Hyrtl  from his examination are referred 
to by Tand1er.q in his important memoir upon the a r t d e s  of the 
brain in a series of mammals. The placenta of Tamanducc is 
described by Millie-Edwards **. I have myself tt referred to the 
alimentary canal of th i s  Edentake, which is formed upon a simple 
plan like that of certain other lower mammals, the continuous 
mesentery of the reptiles being preserved without any of the 
secondary connections which are found in most other mammals. 
The gut had been also, and previously, described by Mitchell 2:. 
The inuscular anatomy is fully described by Windle and Parsons $5 ,  
who quote previous liteirtture. It is noteworthy that these authors, 
although they naturally include Ihmcodua and itl?/maecophaga in 
the same family, find, nevertheless, some myological differences 
between them. 

The brain is described by Elliot Smithlij;, and some of its 
arteries by myself ny. Upon this matter I have an additional 
observation to make, and am able to compare the arterial system of 
the brain in the genus I’umnndzea with that of Myrrnecophaga. The 
specimen of Tunianduce which I described is in t.he Museum of the 
Royal College of Surgeons. I have now some notes to offer upon 
a second example, which died in  1905, and of which the brain was 

* Ann. Sci. Nnt. (5) riii. 
f “On xome poiiits in the Anatomy of the Great Anteater (Myrmecophaga 

jubata),” P. Z. S. 1882, p. 287. 
§ Medical Times nnd Gazette, 1873. 

1 1  Xhksclir. k.-k. Aliad. Wen,  ri. 1864. 
** Comptes Rendus Acad. Sci. Paris, lxxiii. 1871, p. 1386. 

‘+ Trans. Z. S. xrn. 1906, p. 46.5 & p. 457, fig. 11. $$ P. 2. S. 1899, pp. 314 & 990. 
1111 Cat. Pliys. Series Mils. Roy. Coll. Surgeons, rol. ii. 2nd ed. (London, 1902) 

r(rr “On the Arteries at the Base of‘the Brain in certain Animals,” P. Z. 8. 1904, 

‘ Die Edentaten,’ Tiihinpen, 1852. 
I b i d .  Ixrii. 1898. 

tt P. z. S. 1908, p,.670. 

p. 208; and Trans. Linn. SOC. vii. 1899, p. 293. 

vol. 1. p. 18% 
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injected. I am nble to compare this brain with that previously 
described. It is interesting to notice that there are no important 
rlitterences between the two brains in respect of their arterial 
system, which tends to inspire confidence in the fixity of this 
character. The rhomboidal space at  tlie end of the medulla, 
formed by the division and subsequent reuniting of the basilar 
artery, was identical in the two specimens. I n  his figure of the 
cerebral arteries of this animal, Hyrtl * has not represented the 
space referred to ; so that there may be some variation. He has, 
however, noted--and I find that the second specimen examined 
by myself agrees with that figured by Hyrtl and with that figured 
by myself ?-that the anterior communicating artery gives off a 
strong forwardly-running branch, which immediately loses itself 
between the hemispheres as  the callosal artery. I shall refer to 
some further details in considering the corresponding arteries in 
ilfymaecophaga jubata, of which I possess a well-injected brain. 
The cerebral arteries of this species have been described and 
figured by Pouchetz. This paper is not referred to by Tandlers or 
W e  de Vriese (I, who have mentioned a grmt many other important 
papers upon the cerebral arterial system of the Mammalia. I find 
myself in  general agreement with Pouchet's figure, though my 
specimen shows some differences from the individual studied ~ J Y  the 
French anatomist. I find that the circle of Willis is distinctly 
hourglass-shaped-more markedly so than in TanmtdzLa. The 
carotids enter a t  the " waist " of the hourglass, as among Artio- 
ilactyles, where the circle of Willis has, as is well known, the same 
hourglass-shape. Anteriorly the arch of Willis is completed by 
the anterior communicating artery. This runs perfectly straight 
across the intervening space, and gives off no strong callosal 
artery like that of T'am~uZzca. There are only some quite small 
branches. The Sylvian arteries (or middle cerebrals) arise from 
the circle of Willis asymmetrically. The right-hand artery arises 
exactly opposite to the anterior communicating artery ; the left- 
hand artery (which arises by two roots, which immediately join) 
is behind the corresponding point on the left side. Between 
these arteries and the posterior cerebrals are two smaller arteries, 
on each side, of which the first arises just behind the exit of the 
carotids. The latter artery (on the left side only ; there was not 
enough of it preserved on the right to permit of a statement) 
gives off immediately before it; reaches the circle of Willis an artery 
running anteriorly, which I take to be the ophthalmic artery. 
The posterior cerebral arteries are rather asymmetrical, as will be 
seen from an inspection of text-figure 218 (p. 686). On the right 
side there is only one large artery, which, however, very shortly 
divides into two branches. On the left side three fair-sized arteries, 

* Beitrage Z. vergleichenden Angiologie, v. ; Denkschr. k A .  Akad. Wien, vi. 1864, 
p. 21, pl. iv. 

t P. Z. 8. tom. cit. p. 189, texvfig. 19. 
$ ' M6in. sur le Grand Foumilier,' Paris, 1874, pl. riv. fig. 1. 

f 1 Arch. de Biol. xxi. IQM, p. 449. 
Denkschr. k.-k. Akad. Wien, lxvii. 1898. 



686 MR. F. E. BEDDARD ON THE [June 15, 

of which, however, the anterior is considerably the larger, corre- 
spond to this. There is also here an asymmetry in the origin of 
the arteries, the chief artery of the left side arising anteriorly to 
the single posherior cerebid artery of the right side. The anterior 

Text-fig. 218. 

Cerebral nrterinl system of Myrmecophaga juhata .  

Q.C. Anterior communicating artery. 0. Optic uerves. v .  Vertebrnl nrteries. 

cerebellar arteries are also asymmetrical, thus contrasting with the 
arrangement met with in I%cntnndzicc. The right artery arises froni 
the circle of Willis; the left arises just a t  the jsaction of the 
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bnsilar artery with the circle of Willis. The basilnr artery of 
Myrmecophaga jubata is represented by Pouchet as haring three 
spaces, where the artery divides and then shortly rejoins, instead 
of the single area of this kind which exists in Tuinai~dzcn and 
which I have figured in the paper upon the cerebral arteries of 
mammals to which I have already referred. H e  also figures the 
basilar artery as remaining of considerable calibre for two or three 
inches down the spinal cord. The brain in my possession has not 
a sufficiently long piece of spinal cord attached to it to show the 
end of the wide region of the basilar artery. But it is nearly as 
long, and reaches as far as between the influx of the last two pair5 
of arteries figured by Pouchet. I imagine that the point where 
the basilar artery suddenly alters its calibre and receives two 
lateral arteries is really t o  be regarded as the jiinction of the 
basilar with the anterior spinal, and that the two latent1 arteries 
are rertebrals. I n  that case the suggestion which I formerly 
made with regard t o  Tanzccndua will be wrong, and the space 
included along the course of the basilar artery will not be clue to 
the anterior bifurcation of the anterior spinal artery to meet the 
two vertebral arteries, such as I have figured for example in 
Chinchilla laizigerr~ *. There will be in both these genera 
(l'c~nzcendua and iVymzecophaga) a basilar :irtery which retains 
either in one place only (I'anzu7~cl~~w) or in more than one place 
a trace of being primitively a double vessel. Pouchet finds three 
of these double tracts of the anterior spinal?, of which he 
represents the first as lying immediately behind the circle of 
Willis. I n  my specimen the first of these double tracts lay just 
behind the Pons Vrtrolii, and the second, which mas very incon- 
spicuous, at the extreme end of the medulla. Just in front 
of the first double tract arise the middle cerebellar arteries, whic.11 
are symmetrical. The 
posterior cerebellar arteries, which are not syninietrical, lie 
hetween the first and second of the duplicntures of the brtsilar. 
Further back still the basilar receives two arteries on either 
side, which anastomose as is shown in the annexed figure (test- 
fig. 218, w). These are, as it appears to me, the vertebral reins, 
in which case this is the end of the long basilar. 

They arise in front of the sixth nerves. 

9 Alinzentcery Ca?~al. 

The general form of the Stomclch in this Anteater is, as knon-11, 
like that of the Great Anteater, M~rnzecophagce jiebatrc. I may, 
however, mention that the entire length of the stoiiiach, measurer1 
in a slightly oblique line owing to the form of the pyloric region, 
was 85 mm., of which 35 nim. belonged to the pyloric part. The 
breadth of the stomach-i. e. ,  the diameter parallel with the long 
axis of the body-was 68 mm. The thickness of the walls of the 

* Loc.  cit. fig. 16, p. 184. 
t I hardly know where t o  delimit the basilar from the anterior spinal. 
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gizzard-like pylorus was a t  least 12 mni., a thickness which is 
quite as great as that of the other Anteater, I ima.gine. 

The hepoto-gastric ligament or lesser onpentrm presents one or 
two features of interest. The greater part of this ligament was, 
as in other mammals, horizontal ill direction, roofing-over that 
section of the ccelom which communicates with the larger section 
of the abcloininal ccelom by the foramen of Winslow. The edge 
of this Iiepato-gastric ligament, lying just over the foramen of 
Winslow, was raised into a deep vertical membrane fully three- 
quarters of an inch deep, which passes tlorsally of the right central 
lobe of the liver. This is of coiirse all pxrt of the lesser omenturn 
or hepato-gastric ligament ; but the vertical part seems to me to 
represent the primitive ventral mesentery, connected directly with 
the miildle line of the ventral parietes and not cia the liver. The 
yveoter o7rze72tum is but little developed ancl, as Flower has 
ineiitionetl, is not attached to the colon anywhere ; it is indeed 
not visible when the animal is openecl for dissection, being 
covered by rather than covering the coils of the intestines. The 
spZeiLic omenturn is short, and just laps loosely over the pziicrens. 
It can be stretched out straight quite easily, and is inserted 
on t,o the cesophagenl border of the stomach, along wliich runs 
one of the important gastric branches of the portal. It 
connects the yuncreas and the spleen with this region of the 
stomach. A remarkable fact about the stomach of this Edentate 
is the large number of lymphatic glands which are found in the 
region of the stomach ancl, as I shall explain later, of the 
intestine. As to those which occur in the region of the stomach, 
there are first of a11 three, one above the other, which lie on the 
side of the junction between duodenum and stomach-that side 
which faces the abdominal cavity. These g l a d s  are in close con- 
nection with the portal branch, which passes from the oesophageal 
border of the stomach to join the main portal trunk as it passes 
dorsally to the duoclenum on its way to the liver. Two other 
lymphatic glands lie in the lesser omenturn, one near to the 
esophagus ancl the other close to the vertical membrane already 
described. Finally there are two other lymphatic glands on the 
pancreas side of the vertical membmne-to the right, therefore, 
of the expanse of membrane which connects the stomach with the 
liver and ma,y be termed, and is termed, lesser omentum. An 
eighth gland is partly imbedded in the tip of the pancreas, where 
i t  runs towards the liver in close connection with the cystic duct 
of the gall-bladder. 

The Small Intestine in my specimen measured at least 97 inches 
in length. This is rather mderstating the length, I imagine, 
for I was anxious not to stretch i t  unduly. Sir W. Flower gil-es 
100 inches as the length of the small intestine in the example 
measnrecl by himself. I n  the latter example of Tc6mandua the 
colon was only 521 inches long ; I found that from the =cum to 
the anus was quite 7 inches in my specimen. Sir W. Flower 
remarks that the duodenum has no mesentery attaching it to the 
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dorsal middle line ; and I also have failed to find this duodeno- 
caval ligament, as I suppose that mentioned by Flower to  be. 

Flower has called attention to the fact that  this Anteater, like 
Il~yrmecopha~a,.possesses a ventral longitudinal fold in the jejunum 
and ileum, which is a fixed fold and cannot be obliterated by 
stretching the walls of the gut. I have examined this structure 
carefully in Tccnza~adwa, and am able to give arather more detailed 
account of it than was given by Flower. I n  the duodenum there 
is some longitudinal corrugation of the walls of the gut,. But the 
continuous ventral " typhlosole " does not commence until about 
35 inches behind the stomach. I n  front of this the fold is occa- 
sionally seen to the  extent of about an inch. The fold is not 
absolutely continuous from its commencement 35 inches below the 
stomach. There are two slight gaps at first, two or three fourths 
of an  inch wide. Thereafter this typhlosole is quite continuous 
AS a conspicuous raised fold for a distance of 28 inches. There 
are in this tract occasional and short branches of the fold, and 
also short subsidiai-y and parallel folds. The main fold is 
fairly deep and very conspicuous. Then follows a gap of 
7 inches, where the internal surface of t<he intestine is smooth. 
After this there is a tract of 20 inches where the typhlosole is 
again visible ; but it is here, except indeed for very short distances, 
not nearly so well-marked as it is anteriorly, and there are more 
hnbsitliary folds and anastomosing branches. The different 
itppearance will be readily gathered from an  inspection of text- 
fig. 219 (p. 690), which represents pieces from different regions of 
the small intestine. The rest of the ileum, 7 inches in length, 
has not any ventral typhlosole. It is clear from the descriptions 
of both Owen* and Forbes? that the arrangement of this 
typhlosole in Tamandzca differs in detail from that of Myrmeco- 
phugo. For both of these anatomists write of a continuous fold 
throughout the ileum which, according to Forbes, occupies 
1.5 feet 3 inches out of a total intestinal length (of the small 
intestine) of 24 feet 10 inches. I n  front of this are at intervals 
detached tracts of this typhlosole-like fold. Jn  I'ccniandzra, on 
the other hand, the fold is best developed and continuously so in 
the middle region of the small intestine. 

I n  writing of the intestinal coil of Mammals 2 it had escaped 
~ n y  attention that Sir Richard Owen had already referred to the 
4 i  Reptilian " character of the gut of Myrmecophaqa, theugh I 
duly noted that Sir W. Flower had described the condition of the 
gut in that Edentate. It is possible that Flower's statement was 
taken from Owen's paper, to which he referred, Owen wrote of 
AKyrri~ecophaga 5 that  " one common duplicature of peritoneum, 
continued from the middle of the back part of the abdomen, and 
18 inches in extent where it is broadest, at the junction of the 
ileum with the  colon, supports the whole intestinal canal, a.g in 

* Trans. 2. S. vol. iv. p. 122. 
$ P. Z. S. 1908, p. 570 footnote. 

t P. Z. S. 1882, p. 290. 
9: Trans. Z. S. iv. p. 121. 

PROC. ZOOL. SOC. -1909 ,  NO. XLVII.  47 
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most reptiles-mesentery, mesocolon, and mesorectum being one 
and the same fold.” I can confirm my former statement that 
Tffinzrcnd.ccffi agrees in this particular, a confirmation being im- 
portant in view of the fact that  this condition of the gut appears 

Text-fig. 219. 

Three pieces of sniall intestiiie of Tamandua tetradactyla. 

The upper figure is a portion of the duodenuni showing papilla of bile-duct (6.d.) 
and absence of “ typhlosolar ” fold. The two remainiug figures are from the 
jejuiiuni, and the “ typhlosole” (f) is present. 

to vary in Centetes. I take this opportunity of adding that in an 
example of Mpnecophugffi jubata dissected subsequently to the 
date of my paper quoted below, there was no ligamentum cavo- 
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duodenale. The gut was in fact quite " Reptilian." Owen has 
remarked* upon a huge mesenteric gland 16 inches long which 
lies parallel with the puckered coils of the small intestine, on 
the rectal side of which, and therefore parallel to it, lies a row 
of detached glands. I find a quite similar series of glands 
in P'cmcoaclua tetradactyla. There is one gland more or less 
crescentic in shape which extends from close to the pancreas 
anteriorly to near the commencement of the colon posteriorly. 
Besides this there is a chain of detached glands seven or eight in 
number which lie to the colic side of the lpge  gland and are 
also disposed in a crescentic form, thus following the curveS of 
the large gland. All these lymphatic glands are dark in colour, 
as Owen states them to be in Mynzecophaga jubata. The 
number of the smaller glands is not stated in Mymzecophaga. 
The detaile! agreement between the two Anteaters is, however, 
-remarkable, even if the exact number of the smaller glands does 
not tally in the two caqes. 

The Liver is, as Sir W. Flower has pointed out, like that of 
Myrmecophaga in the disposition of the lobes. I may mention 
that when this viscus is viewed from the diaphragmatic aspect it 
is seen to consist of three definite lobes only; for the right and 
left central are not so definitely distinguishable from each other 
on this view as are either the left lateral or the right lateral from 
the conjoined centrals. The falciform ligament shows a peculiarity 
which I have not observed elsewhere. It divides (see text-fig. 220, 
p. 692) of course the right and left central lobes, marking the 
central fissure of the liver. It gives off three seams which traverse 
the surface of the liver, of which two, those on the right side, run 
to the clefts separating the right central into three subdivisions, 
one of which is the cleft in which lies the gall-bladder. The third 
seam arises in front of these, and passes to the left just above the 
end of the cleft which separates the left central from the left 
lateral lobe. On the under (abdominal) surface of the liver there 
is a series of membrnnous seams visibly connected with ligaments 
in the same way. 

The edge of the right lateral lobe of the liver is fixed down to 
the diaphragm, just  in front of the suprarenal body, by a sheet 
of membrane which towards the median side slightly covers the 
suprarenal body, and is attached to the postcaval vein. This 
part of the ligament is of course the equivalent of the hepatocaval 
membrane of other mammals. This membrane is continuous 
with a semicircular seam which, as it were, cuts off a semicircular 
piece from the lower part of the right lateral lobe of the liver. 
On the median side ( i . e . ,  the left side) this seam gives off a 
branch which runs forward and to the left, and branches once or 
twice on the caudate lobe. The latter lobe splits into two at  its 
connection with the entering postcaval vein, and it is here closely 
adherent to that vein. It should be mentioned also that the 

* L O C .  cit. p. 121. 
47't 
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gall-bladder is just visible on the diaphragmatic surface of the 
liver. The ductus choleclochus, which receives the pancreatic 
tluct just before its entry into the duodenum, is not specially 
dilatecl, as I have found it to be in iVymzecophmgga, before its 

Text-fig. 220. 

Liver of Tamandua. 

The upper figure rcpreseiits the diaphragmatic surface of the organ. 

lateral. R.c. Right central. 
The lower figure represents a portion of the right lateral lobe showing the 

senins (U.)  described in the text. 

u .  Uiiibilical ligament with its branches. 1.c. Left central lobe of liver. 1.1. Left 

D. Diaphragm. pc. Postceval vein where it eiiters liver. 8. Ligrment runnhg 
from liver to diaphmgiii, which bears, as is shown in the figure, the supra- 
renal body. 
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termination on the extremity of a long low fold of the duodena1 
mucous membrane which has a recess (text-fig. 219, b.cl., p. 690) 
round the opposite extremity. It is about 2 inches from the 
pylorus. 

The h'plee7z is rather different in form fronb that ,.of Jfymzeco- 
phaga, and is represented in the accompanying figure (text- 
fig. 221), which will serve in lieu of an elaborate description. It 
is nearly of the form of an isosceles triangle with a base line of 
84 mm. ; the two sides measure respectively 54 mni.rand 67 mm. ; 
the shorter side lying to the left of the body has two rouiided 
lobate projections. 

Text-fig. 221. 

The spleen of Tamandua tstradactyla. 

The Pancreas from the duodenum to the spleen is 4 inches in 
length ; on the other side of the duodenum it extends a long way 
towards t,he liver. h lieno-caval ligament arises from the edge 
of the spleen and is attached dong the posterior border of the 
pancreas for about half of the length of the latter; it is not 
inserted anywhere upon the left kidney. Arching over and 
nearly concealing the left suprarenal body, it is inserted upon 
the postcaval vein of its side, and can be traced down that vein 
and along the spermatic rein right down to the left testis, on 
which it ends. 
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Heart and Vmcular System. 
The cavity of the right ventricle of Tcmaandua showed two 

interesting features which deserve comment. There is, in the 
first place, a very strongly developed moderator band which is 
represented in the annexed text-figure (text-fig. 222). This 
consists of a somewhat slender muscular band which arises just 
below the great septal papillary muscle of the auriculo-ventricular 
valve. The muscular band from the septal wall of the ventricle 
enters this moderator band from above. On the posterior side it 
seems mainly formed as a process of the endocardial lining. 
Near to the free wall of the ventricle it separates into many 
tendinous branches shown in the figure, which would take too 
long a space to describe individually. These spread out in tlieir 
abundant ramifications and anastomoses over a considerable area 

Text-fig. 222. 

A portioii of the heart of Tumanduu, with the right yentricle opened to 
display the moderator band (m.). 

of the free wall of the ventricle. A single tendinous thread 
arising near to but independently of the moderator band also 
connects the septal with the free wall of the ventricle. Moderator 
bands are not uncommm * in the right ventricle, and are known 
in birds as well as mammals. It appears that a similarly situated 
moderator band occurs in the-Great Anteater also. For in a 
figure of the interior of the right ventricle of that animal, Sir E. 
Ray Lankester has represented t a muscle cut off short which 
arises from the septal wall of the ventricle close to and behind 
the chief muscle of the auriculo-ventricular valve. He  has not, 
however, given any description of this structure, with which 
indeed he was not concerned in the paper quoted. The right 

* Cf. e. g. Biiido de Vecchi, Anat. Anz. XI. 1902, p. 374, where some literature is 

t P. Z. S. 1882, pl. sli. fig. 20. 
cited. 
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nnr ic~~Io-vent i . i c~~1~ valve, which is incompletely shown in the 
same text-figure (text-fig. 222), has a very complicated series of 
papillary muscles, as is better shown in text-fig. 223. As in the 
Great Anteater *, the  tricuspid valve is attached at the extreme 
left directly to the septa1 wall of the ventricle ; there is here no 
development of a papillary muscle or muscles. The great or 
anterior papillary muscle (i‘ a” i n  Sir E. Ray Lmkester’s figures) 
is partly divided into two, but not so markedly as he figures it in 
the genus Nymaecophaga. From the collar of the valve exactly 
opposite to the anterior papillary muscle arise two muscles which 
appear to be represented but are not lettered in the drawing of 
Lankester already referred to. These are fixed to the free wall 
of the ventricle. The right-hand one of them, which is the 

Text-fig. 223. 

The saiue heart with tlic moderator band removed to show more plainly the 
structure of the right anriculo-ventricola~~ valve. 

a. The left (great) anteyior papillary muscle. 61. The riglit (iesser) papillary 
inuscle. 6 .  Muscle arising from the free wall of the ventricle and attached 
(the other cut end is also S ~ O W I ~ )  to the actual collar of the annular valve. 

smaller, is nevertheless the more conspiruous, since i t  is attached 
farther towards the apex of the heart upon the free wall of the 
ventricle. The arrangement of these muscles is very suggestive 
of the muscles lettered “ 9% ‘’ and L i  ?t ’’ in Imnkester’s figure of 
the heart of Or?tithorhy?rchibs. 

The right anterior pxpillary inuscle in Tmro~dzm is a very 
slender muscle attached to the free w d l  of the ventricle. To 
this series may be also referred a double inuscle situated more to 
the right, and also arising from the free wall of this ventricle. 

* Cf. Lankester, loc. c i t .  fig. cit. “e.” 
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Finally, the anterior cusp or cusps of the tricuspid valve are also 
attached by chordx tendine= to the right-hand of the two 
papillary muscles, which are connected with the  septal cusps of 
the valve. It is to be noted tha.t these muscles also spring from 
the free wall of the ventricle. They correspond, I take it, with 
those lettered L' c " in Lankester's figure of the human heart. 
My illustration also shows the remainder of the papillary muscles 
of the septal flap of the valve, of which still another is attached 
mainly to the free wall of t8he ventricle. It appears to me that 
the chief features of interest in the structure of the right 
auriculo-ventricular valve of Tamaizdua are, in the first place, 
the very great amount of its attachment by papillary muscles to 
the free wall of the ventricle, in which it contrasts very markedly 
with such a type as Lepus" ; and, in the second place, the inser- 
tion of papillary muscles which are fleshy throughout upon the  
actual collar of the annular valve-a state of affairs which is 
closely paralleled in Ornithorhynchus, but is a t  least not always 
found among the Eutherian Mammals. 

The Borla has, at any rate, no perforate or partly perforate 
ductus Botalli between itself and the pulmonary artery, where 
they cross. I could, indeed, see no definite separate ligament 
representing this former arterial connection in the specimen 
which I dissected. On cutting open the thoracic aorta the 
orifices of the intercostal arteries could be counted. I examined 
nearly the whole of this region of the aorta;  but, through an  
oversight, omitted to ascert,ain exactly the topographical limits of 
the section of artery which I cut open. It had been already 
removed from the body. I n  this section of aorta the first five 
int,ercostal orifices were single apertures into the aorta, though 
they divided a t  once only just below the orifice into the aorta. 
The sixth orifices were paired. But the two intercostal arteries 
opened into the aorta, one a, little nearer to the heart than the 
other. I have already called attention to a similar asymmetry 
in the case of Chironzys rnadunyascariemis t, where one of several 
pairs of intercostals opened into the aorta a little in advance of 
its fellow. After this pair of intercostals I counted seven single 
orifices into the aorta. This animal, therefore, contrasts with 
chirornys and some other mammals, to which I have referred in 
the memoir quoted below, in the prevalently unpaired character 
of the intercostal arteries. The intercostal arteries, moreover, 
have R relationship to the azygos vein which varies in different 
mammals. It differs, for example, in Tanzaitduu very much 
from the conditions which I have described in Chiromys already 
referred to. I n  Tuniuzc2uu the right azygos vein, as in other 
Edentates, is the only azygos, and it extends through the whole 
of the thoracic cavity, down to nearly the diaphragm. It is a 
large vein, arid gives off its branches, on the right side at least, 

* Lankester, Zoc. cit. pl. xxxviii. figs. 3, 4. 
t " Some Notes upon the Anatomy of Ckiromys, kc.," P. Z. S. 1908, pp. 698 & 899, 

text-fig. 152. 
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with perfect regularity, a branch on the posterior side of each 
rib. There are eleven such brmches behind the point where the 
azygos in front opens into the  anterior caval to form the ductus 
Cuvieri. To each of these also of course corresponds an  inter- 
costal artery. Throughout the whole of its course the intercostal 
arteries underlie the azygos when viewed in the ordinary position 
of dissection. That is to say, they are dorsal to it. The azygos 
ends, after the last branch already mentioned, without any 
diminution of calibre by plunging into the thickness of the body- 
wall. It is only after this point that the intercostal arteries 
are visible throughout their whole extent from their origin from 
the aorta to their entering the body-wall. This state of affairs 
contrasts with that of, at any rate, a large number of mammals 
including, as already mentioned, C'hironip. I n  all mammals 
which I. have hitherto examined as to this point, the first set of 
intercostals, varying in number in  diKerent mammals, underlie 
the azygos, and then at a fixed point, varying for the species or 
genus, they cross over the vein overlying it in the position in 
which they are seen on dissection. So that the intercostal 
arteries can be divided into two series, of which one set are 
dorsal and the other ventral t o  the azygos. This difference in 
the conditions forincl among mammals has no relation, as it 
would appear, to the length of the azygos. They sometimes 
cross the azygos some way from its end in cases where the vein 
extends quite as far back towards the diaphragm as it does in 
Tcmccndzca tetradactyla. Posteriorly the aorta divides into two 
branches, each of which at once divides again to form external 
and internal iliacs. The caudal artery arises from the right-hand 
inner iliac. 

Postcavul veins and their branches.-In a recent paper upon 
the postcaval vein in Mammals I have, I believe, quoted the 
authorities for the principal facts known about the main venous 
trunks of the Edentata. I need not, therefore, recapitulate the 
literature here. It is not, however, certainly known whether 
Tuniaidztu agrees with other Edentates in the double postrenal 
section of the postcaval. It might well be inferred, however, 
that  this was the case on account of its close resemblance in other 
characters to Myrnzecophuga. As a matter of fact Turnanduo 
tetradactykc has double postrenal postcavals, which I am now able 
to describe together with their principal branches. The postcaval 
vein is double from quite the beginning of the kidney region, as 
is also the case with Myrmecophaga. The renal reins, which are 
single, are given off from the divided part of the postcaval, in 
both of which particulars this Edentate differs from some others, 
for example from Tutusia pebo *. The divided postcaval, after the 
origin of the renals, closely embraces the aorta which just fills up 
the gap. 

The spernzutic veins, as in other Edentates, arise from the 

* Reddard, " On the Postcaval Vein," P. 2. S. 1909, p. 609, text-fig. 135. 
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rends on each side. They run straight to each testis, and the 
vessels appear to form a rete in the suspensory membrane of 
the testis in which they lie. This formation of a rete is seen 
in other cases among the Edentata-for example in various 
Armadillos, where it has been figured by Hochstetter and by 
myself. There is, however, in this no essential difference from 
what is seen in other mammals; for generally the spermatic 
veins in the neighbourhood of the testes or ovaries form a rete. 
It is only more conspicuous, and commences further away from 
the testes, in the Edentata now under consideration. The veins 
which pass between the testes and the postcaval vein seem to me 
to be limited to the equivalents of the anterior spermatic veins 
of other mammals. I could find no trace in Z’cmandzccc of a 
posterior spermatic vein joining the anterior on each side and 
flowing into the postcaval in the lumbar region, such as does 
occur in some Armadillos and in most Marsupials in addition to 
the anterior pair. I feel quite convinced that this is really the 
case in Zk~mccndztu, for after searching for the vein I carefully cut 
the suspensory ligament of each testis and observed no bleeding 
or the slightest trace of the smallest vessel in this ligament other 
than those already referred to. It will be remembered that the 
Armadillos vary from species to species in the presence or 
absence of a posterior spermatic vein. 

There are no lumbar pccrietul veins given off until some way 
after the two postcavals have diverged greatly from each other 
towards the thighs in the pelvic region. Here two such veins 
are given off, at any rate on the right side where I studied them 
most carefully. The two veins anastomose just before entering 
the postcaval. Owing to the position of the vein where they 
arise, the lumbar parietals run ant,eriorly parallel with the long 
axis of the body. Each vein lies one on each side of a corre- 
sponding artery. On the opposite side of the postcaval is a 
corresponding pair of small veins which run in exactly the 
opposite direction, i. e. towards the pubic symphysis. Here 
again the two veins lie one on each side of a corresponding 
artery. The position of the lumbar parietal veins is quite 
suggestive of the lateral abdominal vein in Lizards. 

The double character of these lumbar veins is to be noted, since 
in other mammals, for instance among the Carnivora*, these veins 
are frequently double from the very first, or begin to be so at a 
very short distance away from their orifice into the postcaval 
vein or veins. 

Although there is no direct affluent into the postcaval below 
the  orifice of the renal veins of a spermatic vein on either side 
comparable to the posterior spermatic vein of other mammals, 
Tumccnclrca possesses on each side of the body a peculiar longi- 
tudinal vein, which I have studietl more exactly on the right 
side of the body; I have, however, ascertained that the vein 

Heddnrd, “Anatomy of Oalidia, &c.,” P. 2. S. 1909, p. 486, text-figs. 129 & 130. 
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exists on the left side and has substantially the same origin and 
course, though I can give no details so minute RS I am able to 
give of the right-hand vein, The right suprarenal body emits 
a short vein which runs rather backwards and opens into 
the undivided section of the postcaval. The lower part of the 
suprarenal body behind that part which is connected with the 
suprarenal vein proper gives off some twigs which are connected 
with two or three slender veins supplying the parietes in front of 
the kidney. These various veins collect into B stronger vein 
with which their exact connections are shown in the accompanying 
figure (text-fig. 224). This vein is twice connected with the 

Text-fig. 224. 

Dingrain of persistent right postcardinal (P) of Tninandua. 

r. Right renal vein. k. Outline of kidney. sr.6. Suprarend body. ap. Spermatic 
vein, wbicli represents persistelit cardinal and opens into renal vein $c. 

postcaval by short branches and it runs close to the postcaval 
vein and ventrally to it, i. e .  on top of it as seen in dissecting 
the animal. The vein crosses over the renal and passes into the 
mesorchium, joining the spermatic plexus in a way which I have 
not exactly ascertained. Here then is a vein which lies on the 
whole to the outside of the postcaval and which conveys blood 
from the testis, not only directly to the postcaval, but also to the 
suprarend body and to the parietes in its immediate neigh- 
bourhood. There are at present no embryological data as to the 
veins of the Erlentata. But i t  is to be assumed in the meantime 
that like other Mammals the postrenal sections of the postcavals 
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are to  be referred to the subcardinals. And also that the 
postcardinals partly persist as a portion of the spermatics. I f  
this be so, then the vein which I have just described will be 
referable to a more largely persisting postcardinal on each side. 
The orifices into the postca.va1 will be the remains of the 
frequent junctions between the postcardinal and the subcardinal. 
Innumerable such junctions, for instance, are figured by McClure 
in the embryo Dasyure*. Moreover, a vein connecting in its 
course the gonad and the suprarenal bodies and the parietes is 
suggestive of the suprarenal parietals of the lower Vertebrata, 
which are perhaps to be looked upon, as I have suggested, as 
remnants of the postcarclinals in that region. It will be noted, 
of course, that  this longitudinally running vein cannot possibly 
be regarded as the missing posterior spermatic ; for it opens into 
the postcardinals on each side in a region too anterior to permit 
of a comparison with that vein in other Mammals. 

I did not find any caudal plexus of veins such as is to be met 
with in many but not in all ( 2 )  Dasypodids. 

The portal vein on reaching the pancreas received a strong 
gastro-splenic branch consisting of a short vessel from the stomach 
and a long vein running along the whole length of the pancreas 
to  the spleen. The main gastric branch entered nearer to its 
entry into the  liver. 

09% the Postcccvul rein mad its bra~aches h a  Orycteropus capensis. 

In completing an account of the  double postcaval vein and its 
branches in Armadillos and in Mmis  giganteu, Dr. Hochstetter 1- 
observed that ‘‘ Das Vorkonimen einer doppelten hinteren Hohl- 
vene scheint demnach bei den Giirtel- und Schuppenthieren die 
Regel zu sein, und es ware nicht uninteressant, zu erfahren, wie 
sich in dieser Richtung die anderen Edentaten verhalten.” This 
expectation was realised by the same writer, who later 2 described 
these veins in the Bradypodids. I have myself $ dealt with a 
few Arniadillos which were not known to Horhstetter, and in 
the present communication to the Society with the double post- 
caval vein of Tumuizcluu 11. 

I am now able to acld an  appendix descriptive of the postcaval 
vein and its branches in Orycteropus, which have not, as 1 believe, 
been described, unless my predecessors iIi this department of 
anatomy have overlooked some earlier account. Even in that 
case a redescription of veins, which are known to vary a t  times 
from individual to individual, will not be without its use. 

The specimen of 0rycterop.zcs cupeiasis which I dissected was a 
male which died on May 31st last ; it was not an old individual 
for the testes were completely abdominal 7,  lying not very far 

* Am. Journ. Nat. 1906, vol. v. p. 176, fig. 9. 
t Moruh. Jahrb. Hd. XI. 1893. D. 622. 

MoGli. Jahrb. Bd. xsv. 1898,*p. 362. 
P. Z. 8. 1909, p. 606. 
See Flower, “ On the Edentates,” P. Z. S. 1882, p. 364. 

11 Supr6, p. 699. 
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behind the kidneys, whereas in the adult they are at  least inguinal 
and even descend it is alleged into R scrotum during the breeding 
season. The animal measured about 4 feet 6 inches and wm, 
therefore, obviously not full  grown. On the other hand, it was 
as clearly in no way ‘( newborn,’’ and thus the long retention of 
the testes within the abdomen must be a character of the animal 
and not a mark of jnvenility. 

Text-fig. 225. 

Postcaval reins of Or,ycterops.  

Q. Point of juiictioii of left postcwal and left iliac vein. i.c. Intercostal veins. 
il. Iliac artery. pc.Z. Left (smaller) postcaval. r. Reiial veins. sr. Supra- 
reiial veins. sp. Speiiatic veins. 

The veins were quite full of blood and in consequence easy to 
follow. I am able therefore to give, with some confidence, the 
following results of my examination of this specimen of Orycteropus 
cupensis. The postcaval vein at  first sight appeared to be single. 
For in the middle line (text-fig. 225), or nearly so, to the right of 
the aorta, lay a large turgid vein of the full calibre that such a 
vein would be expected to possess in an animal of this size. A 
closer examination, however, soon showed that on the opposite 
side of the aorta, i. e. on the left side, lay another vessel, parallel 
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to the first mentioned and not more than one third of its calibre, 
which was also distended with blood. I believe that so marked a 
difference in size between the two postcaval veins, when there are 
two, is not an  even exceptional occurrence among Mammals. It 
recalls the unequal postcavals i n  the Lacertilian genus Tilipa. 
I n  Lizards the two postcavals are apt to be equal, but among the 
Skinks are at least sometimes unequal in calibre. There is no 
question, i t  will be noted. in Orycteropzcs of a minute dis- 
agreement in size between the two postcavals. The difference is 
so great that the left-hand vein was in the first place altogether 
overlooked and regarded as being merely the proximal end of the 
spermatic vein of that side of the body. It is thus important to 
recognise a well-marked difference between Orycteropus and other 
Edentates at the very first. Still there remains the more 
important fact of the double nature of the postrenal section of 
the postcaval. The less important part played by the left-hand 
division in the venous system of this Edentate as compared with 
other Edentata is also shown by the posterior ending of the 
left postcaval and by the origin of the intercostal veins. As to 
the former point, it is to be noted that the large right-hand post- 
cavnl, arrived at  the posterior end of the abdominal cavity, divides, 
as usual in animals with but a single postcaval vein, into the 
two iliacs. These in the usual way underlie the aorta and its 
posterior bifurcation, as is shown in the accompanying illustration 
(text-fig. 225, p. 701). When the left-hand postcava is followed 
backwards i t  is seen to open into the left iliac vein. Of this vein 
it is clearly a rather unimportant atfluent, for the main trunk 
reaches the right postcava. 

The arrangement of the two postcave is thus different from 
that of other Edentates, where the independence of the two 
trunks is emphasized by the fact that each is concerned with the 
iliac vein of its own side, or if there be a communication between 
them it is of such a kind as not to interfere with the equal 
importance of the two veins, such as, for example, the two 
conimunications which I have figured in the Insectivore Centetes 
ecazcdatzts *. The remaining point of difference between the two 
postcaval veins concerns, as has been stated, the intercostal veins. 
Of these there are three lying between the point of bifurcation of 
the veins and the right-hand spermatic vein. The intercostal 
veins, however, have nothing whatever to do with the  left post- 
caval trunk. They all open into the large right postcaval 
and rather to the left of the vessel so that their position is very 
nearly, if not actually, median. They were of small size although 
they were full of blood, and the first of the three divided 
immediately after, or rather before, its entrance into the right 
pogtcaval into two branches, an  anterior and a posterior. The 
veins, in fact, are not paired as right and left trunks. 

There is thus in Orycteropus an approach to the more usual 

*i P. 2. S. 1909, p. 611, text-fig. 136, A. 



P.Z.S. 1909.Pl. LXXII 

G.M.Woodward del.et lith. West,Newman Imp 

1-3, LIOXANTHODES ALCOCKI. 4, 5, SESARMA MURRAYI. 
6, 7, HYASTENUS ANDREWSI. 8, 9, H . U N C I F E R .  



1909.1 ON DECAPOD CRUSTACEA FROM CHRISTMAS ISLAND. 703 

Eutherian condition of the postcaval vein. Furthermore the two 
veins may be compared with the Diclelphys embryo figured by 
McClure *, where tlie right cardinal collateral is immensely larger 
than the left-hand vein. This is one among many variations 
which occur in the venous system of the embryos, as well as the 
adults, of that  marsupial. Both this variation in Didelphys and 
the adult condition in Orycteropus appear to me to be an  inter- 
mediate step in the reduction of the two veins found in 
Monoti-emes and Edentates to the single right-hand postrenal 
postcaval of other Eutheria. 

The renals 
are a5 is usual asymmetrical, the right-hand veins flowing into 
the postcaval a little anteriorly to those of the left side. There 
are two renal veins on each side, and those of the  left are 
connected by an  obliquely running joining vessel. Of these two 
latter vessels the anterior arises from the postcaval vein, where it 
is single, and the posterior from the slender left postcaval. It is 
very important to notice, from the point of view of a comparison 
with other Etlentates, that  the renals are quite unconnected with 
the spermatic veins. No recognisable branch appeared accom- 
panying the ureter. The spermatic veins themselves, as is shown 
in text-figure 225, are quitezymmetrical with each other and 
arise each from its own postcaval vein about half-way dowii 
between the renal and the posterior bifurcation of the postcaval. 

There is no caudal plexus and the veins are not so massive as 
in various Armadillos; nor is there any tendency to form 
plexuses, such as are often met with in the Armadillos. I n  fact 
the venous system of Orycteropus is in its entirety more 
approaching that of other Eutherian Mammals. 

I now turn to the branches of the postcaval vein. 

3. On Decapod Crustacea from Cliristinns Island, collected 
By W. T. by Dr. C. W. Sndrews, F.H.S., F.Z.S. 

CALMa4N, D.Sc., F.Z.S.? 
[Received May 22,1909.1 

(Plate LXX1I.Z) 

I. Introductory. 
This paper deals with the Decapoda collected by Dr. hndrews 

on his second visit to Christmas Island in 1908. The names of a 
few specimens obtained during his stay on the island in 1897-98 
but not hitherto determined are also included in the list given 
below. 

Ur. Antlrews has pointed out (P. Z. S. 1900, p. 116) that “ the 
shores of Christmas Island are singularly unfavoiirable for the 
collection of marine animals,” and practically all the marine 

Am. Jourii. Aiiat. vol. v. 110. 2, 1906, p. 193, fig. 15. 
t Publislied by permission of tho Trostees of the British Museum 
$ For esplsiii%tiou of tlie Plate see p. 713. 
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species here recorded were obtained in  one place, at Flying-fish 
Cove. I n  addition to collections made on the  reef a rich 
fauna was found sheltering in crevices of the wooden piles of 
the pier, and many of the smaller Decapoda, as well as Isopoda, 
Amphipoda, and Pycnogonida, were got in this way. 

It would be of much interest to determine whether the littoral 
fauna of Christmas Island shows any peculiarities correlated with 
its very isolated geographical position. The present collection, at 
all events, gives no clear evidence of any such peculiarities ; the 
lnrger Decapods, without exception, belong to well-known and 
widely-ranging Indo-Pacific species, while the few new species 
which I have to describe belong to the groups of the smaller and 
less conspicuous forms among which novelties may be expected 
anywhere. On the other hand, the restricted opportunities for 
collecting forbid us to attach any importance to the absence 
of many widely-distributed species from the collection. It must 
be borne in mind also that our knowledge of the Indo-Pacific 
littoral Decaporls is still far from adequate for discussion of zoo- 
geographical problems. 

The terrestrial and fresh-water species in the following list are 
distinguished by an  asterisk. All of these have been already 
recorded from the island (altho -h sometimes under different 

.tells me, are abundant OR the shore terrace at Flying-fish Cove. 
Ptychognothus ptcsillus was found only in the pool above the 
waterfall on the east coast, where it was collected by 
Dr. Hanitsch *, but Pakmrnon lor (apparently identical with the 
variety describecl by Dr. de Man, 1. c . )  was found not only in 
that locality but also in Hugh’s Dale and Sidney’s Dale on the 
west conut. 

A few minute crabs and a larger number of small Caridea 
remain over which I cannot identify with any describecl species 
but which, from the imperfection of the specimens or for other 
reasons, I clo not attempt to describe as new. The Alpheid=, of 
which a number were collected on the reef, are omitted altogether 
for the present. 

11. List of the ,Species. 
XASTHIDB. 

names) except the two species of 8 eograpsus which, Dr. Andrews 

Curpilodes ruyatus (Latr.). 
,, vuillantiaims A. M.-E. 
,, curiosus Alc. 

Liozanthodes alcocki, g. et  sp. n. 
Zozymus Ceiteus (Linn.). 
Lophozozymus dodoite (Herbst). 
Xantho bidentatm A. M.-E. 
Leptodius saipineus M.-E. 

,, cavipes (Dana). 

* See de Man, P. 2. S. lW6, p. 637. 
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XANTHIDX (continued). 
dctcra tonaentosa M.-E. 

,, rrcfopusictato M.-E. 
,, speciosa (Dana). 

Daircc perlota (Herbst). 
Xanthocles lanaarckii (M.-E.). 

,, 7LOtdU.S Dana. 
Chlorodim miger (Forsk.). 

,, lmvissinms Dana. 
Phynioditcs sculptus (A. M.-E.). 
Chlororlopsis areolnta (M.-E.). 

Ctyclodius gracilis Dana. 
Cynio nielaiioclactyltrs de Haan. 
Eriphia lattirua~oo Latr. 

,, scabricula Dana. 
Tvc~pezia c?/modoce (Herbst). 

,, ferruginea Latr. 
,, ferruginea, var. ccreo~ccta Dma. 
,, digitalis Latr. 
,, rzrfopunctata (Herbst). 

Tetralin glaberrinaa (Herbst). 
Donaecicc hispida Eydoux & Sonleyet. 
Xelicc tessellnta Lrttr. 

3'halnniita sp. (jiiv.). 

Ocypoda ceratophthalnia (Pallas). 

Grccpstcs grc6ps~is (Linn.). 

* Geograpstis yrccyi (M.-E.). 

* Ptychognathus pusillus Heller. 

,, weni~sta Rathbun (1). 

POHTUX1D.Z. 

OCYPODID.~. 

GRAPSIDX. 

,, strigosus (Herbst). 

* ,: crinipes (Dana). 

,Sesnrnaa naterrrcyi, sp. n. 
Liolophus plusiissiniics (Herbst). 

GECARCINID.B. 
* C'ccrdisonia hirtipes Dana. 
* Gecccrcoidea lalandii M.-E. 

Acl~eus  spinosus Miers ( 2 ) .  
Olvcii~opus arunea de Haan. 
Caniposcia retwla Latr. 
Hyusteriits asdrewsi, sp. n. 

Tylocarcinus grrccilis Miers. 
Perinea twniicla Dana. 
Schizophrys aspera (M.-E.). 

MAIIDB. 

,, zcncifer, sp. n. 

PROC.  ZOOL. SOC.-1909, NO. XLVIII. 
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DYGONENID~.  

PORCELLANIDB. 
Uynonzene sp. 

Petrolisthes dentotus (M.-E.). 
,, coccineus (Owen) (?). 

Pwhyckeles sculptus (A. M.-E.). 

Golathea a f i ~ i s  Ortniann ( 2 ) .  

Calcinus herbst ii de Man. 

GALATHEIDB. 

PAGURIDB. 

CCENOBITIDB. 
* Ccenohita rugosus M.-E. 
* ,, clypeatits Latr. 
* Birgus lati-o (Linn.). 

PALINURIDR. 
PcL?iZdi?.2(8 pe~~icillatzts (Olivier). 

,, veiwicolor (h t r . ) . ?  
,, longipes (M.-E.) (2 juv.). 

STEXOPIDB. 

HIPPOLYTIDIE. 

PANDALIDB. 

PALBMONIDX. 

Steiaopus hispichis (Olivier). 

Lysniutrc seticaudcltcc (Risso). 

I'halassocwis lucicla (Dana). 

* Pal~nion lur Fabr., var. 
Coralliocaris g~nnii i iecc (Dana). 

,, si~pevbn (Dana) ( 2 ) .  

111. Systenmtic A'otes und Descriptions of il'ezu Species 

Family X A N T H I D B. 

LIOXABTHODES, gen. nov. 
Carapace extremely broad, strongly convex antero-posteriorly, 

smooth ; antero-lateral borders thick, with only traces of division 
into three lobes ; postero-lateral borders very strongly convergent, 
straight. 

Front one-third of width of campace, strongly deflexed, slightly 
notched. Orbits large, lyithout suture-lines. Fronto-orbital 
border about two-thirds of width of carapace. 

Basal antenna1 segment short 

t I hare described elsewhere some young stages of this species obtained by 

Antennules folded transversely. 

Dr. Andrew (Ann. Nng. Nut. Hist. (8) iii. p. 441, 1909). 
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and broad, not reaching front ; the short flagellum standing in 
orbital hiatus. 

Endostomial ridges very slightly developed, not reaching to 
anterior margin of buccal frame. 

Chelipeds massive, unequal in both sexes ; fingers not hollowed 
at tip. 

Abdomen of male with third to fifth somites coalesced. 
Type species, L. ulcocki, sp. n. 
The little crab described below presents a combination of 

characters which seems to exclude it from any of the existing 
genera of Xanthida?. The great width of the carapace gives it 
the facies of a Lionteru, but it differs widely from that genus and 
its immediate allies in the proportionate width of the front,o- 
orbital border, a character which would refer the species to the 
neighbourhoorl of Xulzthodes in the sub-family Chlorodine of 
Alcock’s classification. The massive chelipeds recall those of the 
Trapezioide, but in this character Lioniaru longimaxa A. M.-E. 
(Crust. Miss. Sci. Mexique, p. 240, pl. xlvi. fig. 1) makes some 
approach to the new species. 

Lt.-Col. Alcock, F.R.S., to whom I have fortunately been able 
to submit the specimens of this crab, tells me that he consideis 
Liomercc soda& Alc. (Jour. Asiatic SOC. Bengal, lxvii. (2) p. 88, 
1898) to be probably congeneric with it. 

LIOXANTHODES ALCOCKI, sp. n. 
Carapace a little less than twice a s  broad as long, strongly convex 

antero-posteriorly, dightly so from side to side ; surface smooth 
and polished, without inter-regional markings except for a shallow 
meso-gastric groove and a pair of crescentic depressions parallel t o  
the inner edges of the orbits. The greatest width is well in front 
of the middle of the carapace and the straight postero-lateral mar- 
gins are strongly convergent. The strongly arched antero-lateral 
margins show the faintest possible traces of three teeth or lobes, 
and in front of the second and third of these on the dorsal surface 
is a shallow pit in which are set a few hairs. The front is very 
much deflexed and its margin is one-third of the width of the 
carapace or a little less ; there is a shallow median notch, and the 
lateral lobes are nearly stmight and not separated from the inner 
supra-orbital angles. The orbits are very large, and the eyes, 
when retracted, are incompletely hidden ; the fronto-orbital width 
is about two-thirds of the width of the carapace. 

The basal antenna1 segment is short and broad, reaching to  the 
inner sub-orbital angle but not to the front. It appears to touch 
a small downward process from the front. 

The endostome has a pair of very slight ridges which do not 
nearly reach ifs front margin. 

The exopod of the third maxiilipeds is about half as wide as the 
ischium ; the merus is broader than long ; the ischium has a longi- 
tudinal groove. 

The chelipeds are very massive and very unequal in both sexes ; 

(Plate LXXII. figs. 1-3.) 

4a* 
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a considerable part of the length of the Inerus projects beyond the 
carapace and its margins are smooth ; the carpus has a blunt 
inner angle; in the larger chelipecl the palm is slightly com- 
pressed, about three-fourths as high as long, its outer surface with 
longitudinal rows of low, smooth tubercles ; the fingers are short, 
the immovable one only about one-fourth as long as the lower 
edge of the palm ; both fingers are furrowed and toothed, with a 
good deal of hair on the inner edges, not excavated at the tips. 
The smaller cheliped is more slender, its outer surface nearly 
smooth. 

The walking legs have the segments rather broad and flattened 
and beset with longish hairs, especially distally. 

I n  the male the third, fourth, and fifth abdominal somites are 
coalesced. 

Colour (in spirit) dark brown, marbled on the posterior part of 
the carapace and on the limbs with yellowish; under parts 
yellowish. The clielipecls have a longitudinal whitish band on 
the outer surface of the hand. 

I n  the larger of two ovigerous females the caiapace measures 
only 2.2 mm. in length by 4.2 mm. in breadth, so that the species 
is one of the smallest of the Brachyura. The eggs are about -35 
mm. in diameter. 

Family G R A P S I D B .  

SESARMA MURRAYI, sp. n. 
Carapace moderately convex, much broader than long, the four 

post-frontal lobes not prominent, sub-equal ; except for a deep 
transverse groove between the gastric and cardiac regions the 
inter-regional grooves are not defined ; the whole surface is 
covered with sharply-marked transverse stris, becoming oblique 
on the branchial regions and breaking up into rows of minute 
granules anteriorly. Front more than half the width of the 
carapace, nearly straight as seen from above. Lateral margins 
strongly convergent posteriorly, without teeth behind the 
orbital angle. 

The 
anterior margin of the nierus is expanded, finely serrated for the 
greater part of its length and cut into two or three large teeth 
distally. The outer surface of the merus and carpus is transversely 
striate, the strize microscopically beaded. The outer surface of 
the hand is nearly smooth except for a fine longitudinal line near 
the lower border; the upper surface has a longitudinal line 
running along its whole length with a number of oblique lines 
on the inner side. I n  some specimens a few fainter oblique lines 
are also present on the outer side. All these lines, although sharply 
cut, are very fine and are microscopically beaded. The upper 
surface of the dactylus is rounded and quite smooth except for a 
few very fine oblique beaded lines near the base in both sexes. 

(Plate LXXII. figs. 4, 5.) 

Chelipeds a little larger in the inale than in the female. 
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The merus of the walking legs has tR-0 or three strong teeth at  
the alistal end of its hinder edge and, in addition, the merus of the 
last pair has two smaller teeth side by side near the proximal end. 
The legs carry i.ather long hairs and the dactylus is strongly 
spined. 

Measuremeuts :- 
Male. Female (ovigarous). 

Length of carapace ............ 4.5 mm. 3.75 nim. 
............ 5.75 ,, Breadth of ,, 6.6 11 

Breadth of front 3-75 ,, 3.0 I, 

(between orbital angles) 
............... 

Remarks :-Assuming that the fine beaded lines on the upper 
surface of the hand represent the ‘‘ pectinated ridges ” found in 
the males of some other species of Se~arnta, this little species will 
fall into the third section or sub-genus (Parmesamta) in de Man’s 
classification of the genus. Within this section i t  comes into 
relation with a group of species, all of small size, which are 
distinguished by the toothed meropodites of the walking legs. So 
far as I am aware only four species of this group have been 
described-S. vestita Stimpson *, S. ckndersoni de Man, S. eda- 
men& de Man, and S. batavica Moreira (= S. barhinmna de 
Man, nec Cano). In all of these the pectinated ridges on the 
upper surface of the hand are more strongly developed than in the 
new species and are diferently arranged ; the upper edge of the 
dactylus of the chelipeds is strongly “milled” in all except 
S. vestita, where it is stated to be acute ; and none of the species 
possesses teeth at the proximal end of the merus of the last pair 
of legs. Further, S. hatavica is distinguished by the tufts of 
hair on the fingers, S. edameiuris by the much broader legs, 
S. andersoni by having the carapace smooth and the sides much 
less strongly convergent posteriorly, and 8. aestita by having the 
carapace only a little longer than broad (breadth-ratio 1.03 as 
against 1.46 to 1.53 in the new species). Outside of de Man’s 
third section, the only species of Sesarma which are described as 
having the meropodites of the legs toothed are S. nzinuta de Man 
and S. barbimana Cano, both of which are separated from the 
species here described by the presence on the lateral margin of a 
tooth behind the orbital angle. 

The specimens of this crab were collected on the shore a t  
Flying-fish Cove. 

The specific name is chosen in compliment to Sir John Murray, 
K.C.B., F.R.S., by whom the specimens described in this paper 
have been presented to the British Museum. 

* This is referred by de Man to his first section (Zool. Jahrb. ii. p. 844, l887), but 
the recently published description and figure (Stimpson’s Rep. Crud. N. Pacific 
Expl. Exp., Srnithsonian Miscell. Coll. xlix. p. 136, pl. xiii. fig. 6, 1W) show that 
the species possesses pectinated ridges on the upper surface of the hand and must be 
referred to de Mm’8 third section. 
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Family G E c A R c I N I D X ,  

GECARCOIDEA LALANDII Milne-Edwards. 
G. lalccndii Ortmann, Zool. Jahrb., Abth. Syst. vii. p. 738 

To the synonymy given by Ortmann the following are to be 

Hyleocurcinus natalis Pocock, P. Z. S., 1888, p. 561. 
Pelocarcinus htcnzei (Wood-Mason) Alcock, Jour. Asiatic SOC. 

Bengal, Ixix. pt. 2, p. 449 (1900). 
Gecarcintcs lccgostomtss (in error) Andrews, Monogr. Christmas 

Island, p. 163 (1900). 
An examination of the Museum collection of Gecarcinidre gives 

no reasons for dissenting from the synonymy which Ortniann has 
established for this species. The specimen recorded under this 
name from “ S .  America” by Adam White in the “List of 
Crustacen in the British Museum,” p. 32 (1847), cannot now be 
traced, but a Xuseum copy of the List contains a note in the 
handwriting of Mr. Miers, “ Certainly not this species,” so that no 
confirmation is afforded of Milne-Edwards’s statement that the 
type of the species came from Brazil. 

With reference to the erroneous determination of the specimens 
recorded in the ‘Monograph of Christmas Island’ (a deter- 
mination for which Dr. Andrews was not responsible) it is 
desirable to point out that  there is no trustworthy evidence for 
the occurrence of Gecarcinus lagostoma outside the Atlantic area. 
Milne-Edwards indeed originally described that species as 
“ rapport6 de 1’Australasie par MM. Quoy e t  Gaimard ” (Hist. 
Nat. Crust. ii. p. 27, 1837), and Miers refers to a series in the 
British Museum obtained in the same region during the voyage 
of the  ‘ Erebus ’ and ‘ Terror ’ (Challenger Rep. Brachyura, p 219 
footnote, 1886). With regard to the latter I can obtain no 
confirmation of the locality from the Museum registers. The 
specimens date from a time when the records of locality were less 
strictly kept than they are now, and it seems possible that 
apecimens arriving at the Museum without indication of locality 
may have been assumed to come from the same region as the type- 
specimens. Miers also mentions a specimen from the Cape of 
Good Hope, and I may add that there is another in the collection 
labelled L L  Madagascar ” but in neither ctise can the history of the 
specimens be traced. 

Dr. Andrews has described (1 .  c.) the annual migration of G. 
kdandii to the sea during the rainy season for the purpose of 
hatching off the eggs. On his visit to the island in 1908, he 
obtained specimens of a large Megalopa-larva which occurred in 
enormous quantities in the sea shortly after the migration, and 
also of R small crab which appeared in similar numbers at a 
slightly later date. It seems practically certain that these lams 
mid young can belong to no other species than G. lalanclii, and it 

(1893). 

added :- 
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is hoped that it may be possible to obtain the earlier ntages and 
to give a complete account of the life-history. 

CARDISOMA HIRTIPEB Dana. 
Cardiosonia hirtips Alcock, Jour. Asiatic SOC. Bengal, Ixix. 

Cardisom curmifez (Herbst) Andrews, Monogr. Christmas 
Island, p. 104 (1900). 

Miss Rathbun has recently employed for this species the 
name C. rotzmdum Quoy & Gaimard (Bull. U. 8. Fish Comm. for 
1903, pt. iii. p. 838, 1906), but, so far as I know, she has not 
explained in detail her reasons for doing so. The figure to which 
she refers (Freycinet’s Voyage autour du Monde, Atlas Zool. 
pl. 77. 9g. 1, 1825) is very poor, and there seems no obvious 
reason for taking it to represent this species rather than 
C. carnifex. 

The account which Dr. Andrews has given (1. c.) of the habitat 
of this species-in deep burrows by the side of freshwater 
streams-agrees with what Ortmann has recorded (Zool. Jahrb., 
Abth. Syst. x. p. 339, 1897) of the closely allied C. carnayex in 
East Africa. Dr. Andrews tells me that he never saw this species 
at or near the sea (in marked contrast to Gecurcoidea), which also 
coincides with Ortmann’s experience. Since nothing appears to 
be recorded of the breeding habits of the species of this genus, it 
may be worth while to mention that in the West African 
G. iirnautuin (the only species of which the Museum possesses an 
ovigerous female) I find the young within the minute eggs to be 
in the zoea stage. There can be little doubt therefore that in this 
genus also the young stages are passed in the sea. 

pt. 2, p. 447 (1900). 

Family M A I I D B. 

HYASTENUS ANDREWBI, sp. n. 
Carapace and limbs closely covered with long, thick, soft hairs 

which, on the walking legs and especially on the merus and carpus 
of the first two pairs, fringe the anterior and posterior margins 
and make the limb appear broa,d and flat. The campace is tri- 
angular, with a convex posterior margin and, when denuded of 
hair, is smooth and polished, with a single low tubercle on each 
side of the gastric region. The gastric, cardiac, and intestinal 
regions are strongly convex, defined by well-marked grooves. The 
rostra1 spines are less than a quarter of the total length, coalesced 
for some distance in front of the orbits, deflexed a t  the base and 
curving upwards a t  the tip. The supra-orbital margin is not very 
prominent and its anterior corner is rounded off. The basal 
segment of the antenna is little expanded so that the floor of the 
orbit is very incomplete, and is without tubercle or spine at its 
anterior end; the free segments of the antenna are visible at 
the side of the rostrum and are beset with long hairs. The first 

(Plate LXXII. figs. 6, 7.) 
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pair of walking legs are a little longer than the carapace and 
rostrum. The dactyli are slender, curved, and very sharp-pointed, 
with two or three teeth near the base on the lower edge. 

An ovigerous female specimen measures 12, mm. in length to 
base of rostral spines, by 9 mm. across the widest part of the 
carapace. 

Remarks :-This little crab, which I have failed to identify with 
any described species, differs from the usual type of Hyasteiaus by 
the comparatively slight development of the supra-orbital margin. 
In this character and in the narrowness of the basal antenna1 
segment it seems to approach the American genus Pelia, from 
which, however, it differs in the absence of a tooth at the distal 
end of the same segment. As thore are considerable differences 
in the relative development of these parts in the various species of 
Hymtenus, the new species may provisionally be placed in that 
genus. 

HYASTENUS UNCIFER, sp. n. 
Carapace sub-pyriform, pointed behind, tomentose, tubercnlate. 

There is a transverse row of five tubercles (the outer pair the 
largest) on the gastric region and, behind this, a singIe median 
tubercle ; the cardiac region is convex and the intestinal region 
bears two tubercles, the posterior one acute and recurved ; there 
is a very prominent hepatic spine, and the branchial regions bear 
each several tubercles and a procurved epibranchial spine. The 
rostral horns are equal to, or a very little shorter than the carapace 
(in the male), slender, divergent, and gently decurved. The supra- 
ocular eave is acutely produced anteriorly; there is no inter- 
mediate tooth between it and the post-ocular process, which is not 
expanded distally. The basal antenna1 segment has a sharp spine 
at the antero-external angle. 

The chelipeds (in the female) are slender, with two or three 
spines on the carpus ; the fingers aiw less than half the length of 
the palm and meet for the greater part of their length. 

The walking legs are slender, with a few granules on the carpus, 
and with the dactylus armed with a row of stout recurved spines. 

A female specimen measures 11 mm. in length to the base of 
the rostral spines. 

Remarks:-In the length of the rostral horns this species 
approaches H. kocki i  de Man, but has the carapace more tubercu- 
late and more pointed behind. The very prominent hepatic 
spine and the strong hooked teeth on the dactyli of the walking 
l e g  are unlike those of any species with which I have been able 
to compare it. 

(Plate LXXII. figs. 8,9.) 

TYLOCARCINUS ORACILIS Miers. 
T. grad63 Miers, Ann. Mag. Nat. Hist. (5) iv. p. 15 (1879). 
I n  describing this species, Miers suggested that i t  might 

'' perhaps prove to be only a variety " of T. styz (Herbst). The 
numerous specimens collected by Dr. Andrews, however, show no 
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perceptible approximation to T. styx as compared with Miers’s 
type specimens. The long, stwight, rostid spines, divergent from 
the bare, and the more numerous and longer spines on the legs, 
are characters which seein to justify the separation of the species. 
I do not find, however, that the carapace is ‘‘ much narrower ” 
than in T. styx, and the rostral spines are not always more than 
half the length of the carapace. Dr. Andrews’s collection includes 
some males in the breeding phase, with enlarged chelse and widely 
gaping fingers. 

PERINEA TUMIDA Dana. 
Periiaea turnida Dana, Crust. U.S. Expl. Exp. i. p. 114, pl. iv. 

figs. la-f (1855); Rathbun, Bull. U.S. Fish Comm. for 1903, 
pt. iii. p. 881 (1906). 

Parathoe rotundatcc Miers, Ann. Mag. Nat. Hist. (5) iv. p. 16, 
pl. v. figs. 2, 2 a (1879) ; Haswell, Cat. Austral. Crust. p. 30 (1882) ; 
Klunzinger, Spitz- und Spitzmundkrabben des Roten Meeres, 
p. 45, pl. i. figs. 7a-d, text-fig. 10 (1906). 

About 18 specimens of a little crab collected by Dr. Andrews 
are identical with the types of Miers’s Pmrathoe rotundota from 
Port Curtis and Fiji. The rostral teeth, although short, are much 
more prominent than in Miers’s figures and are separated by 
a rounded notch, and there is a small tooth at  the distal end of 
the basal segment of the antenna unnoticed by Miers. 

There can be little doubt, however, that Miers’s genus and 
species are synonymous with those of Dana, quoted above. By 
the courtesy of Miss Rnthbun I have been able to examine a 
specimen from Laysan recorded by her (1. c . )  as Perinea turnida 
Dana. It is a large male in which, as in the large female from 
the Gulf of Suez mentioned by Miers, the tubercles on the cara- 
pace are rather less prominent than in smaller specimens, but it 
undoubt,edly belongs to the same species. I n  addition to the 
diEerences from Dana’s account mentioned by Miss Rathbun, it is 
to be noted that the rostral teeth are much less prominent than in 
the original figures and the notch between them is rounded instead 
of angular. The tooth a t  the end of the basal segment of the 
antennules is also less prominent. I see no reason, however, to 
dispute Miss Rathbun’s identification of the Laysan specimen with 
Dana’s species and if this be accepted the name given by Miers 
must be placed as a synonym. 

EXPLANATION OF PLATE LXXII. 

Fig. 1. Lioxantlrodee aloocki, g. et sp. n. Female, dorsal view. X 9. 
2. I,  ,, Anterior part of body, veiitral view. X 18. 
3. ,I  ,, Larger chela of male, from outer aide. 
4. Sksarma murrayi, sp. 11. Male, dorsal view. x 6. 
6. 3 ,  ,, Upper surface of chela. 
8. Hyastenus andrewsi, sp. n. Male, dorsal vie-.. X 3. 
7. ,, ,, Orbital region from below. 
8. Hyastenus uncifr ,  sp. n. Female, dorsal view-. X 3. 
9. I ,  ,, Dactylus of leg of last pair. 
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4. A n  Abnormal Individual of the Echinoid Amhlypneustes. 
By H. L. HAWKINS, B.Sc., Mark Stirrup Scholnr i n  
the University of Manchester*. 

[Received June Znd, lM)9.] 

(Text-figures 226-230.) 

A series of the recent Echinoirl Antblypneustes from Australian 
waters, preserved in the Manchester Museum, includes an  in- 
dividual, apparently of A .  ovtcm, with a particularly fundamental 
abnormality, which seems worthy of brief description. 

Abnormalities in the symmetry of species of Amblypneusles 
were described in 1880 by F. J. Bell and C. Stewart in the Journal 
of the Linnwan Society (vol. xv. pp. 126 & 130, pl. v.), and it would 
appear that the genus is one the members of which are especially 
liable to irregularities of development. The structural peculiarities 
of niy specimen, however, are of a type distinct from those described 
in the papers referred to, and resemble those in  the Echinus 
esczLlentus figured by Messrs. J. Ritchie and D. C. McIntosh in the 
Proceedings of the Zoological Society for  1908 (p. 646, pl. xxxiii.). 

Text-fig. 226. 

V 

Lateral view of test of RII ahnornial Amb2,ypneustes. 

The outward form of the specimen is strikingly irregular. 
Instead of the regular ovoid shape of other specimens of 
t,he species, it is niuch elongated along a line almost corresponding 
with the antero-posterior axis. The lateral view (text-fig. 226) 
shows the test to be abruptly truncated adapically, while the 
apical system of plates rises boldly above the partly concave 
slopes of the corona. 

The ada.pica1 view (text-fig. 227) shows the remarkable feature 
that only three ambulacral areas reach the apical system, the two 

* Communicated by F. A.  EITHER, F.R.S. 
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others, the anterior and left-posterior, being rounded off a little 
above the ambitus. The apical system is elongated in two 
directions as though to meet the defaulting ambulacra, but in 
each case a considerable length of non-poriferous plates intervenes 
between the adapical extremities of the two ambulacra and the 
plates from which they should spring. 

The other three ambulaci-a show no departure from the normal 
type, except that the left-anterior (IT) is sensibly wider than 
either of the others, and less convex in longitudinal outline. 

The right posterior interamhulacrum (1) is the only one of 
normal character throughout, the other four being more or less 
modified adapically to counteract the absence of the ambulacra. 
The adoral region of the test is perfectly normal, and the peri- 
stomial aperture regularly decagonal. 

Text-fig. 227. 

5 
Adapical view of test of nil nbnorlnal Ambiypneustes. 

The apical systein (text-fig. 228, p. 716), besides the lengthening 
already referred to, shows marked departures from the normal type. 
There are five genital plates, the inner margins of which enclose the 
elongated periproct, but they are of very unequal dimensions. 
The madreporite is large, and perforated on the right side by a 
small genital pore. The two adjoining genital plates on the 
right and left sides are elongated and depressed. The plate on 
the right is normally perforate, but that on the left bears two large 
gonopores, one near each end. The two posterior genital plates 
are short and convex, and closely applied to each other, forming 
an  elevation that matches the anterior prominence of the madre- 
porite. The right posterior plate is perforated in the usual way, 
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but its fellow on the left is imperforate. There are thus five 
genital pores distributed over four of the genital plates. 

There are three ocular plates, corresponding with the termina- 
tion of the three complete ambulacm; each is perforated by a 
minute pore. The ocular on the left is almost spherical in shape, 
since it abuts against the middle of the large genital (3), and 
not, as usual, against the two genitals (4 and 5). There is no  
trace of the other two ocular plates. The periproct is covered by 
numerous irregular plates of small size. 

Text-fig. 228. 

1 

Apical system of an abnormal Amblypneustes. 

The composition of the intenmbulacnl areas (text-fig. 227, p., 7 15) 
differs in the two affected portions of the test. The two Inter- 
ambulacra 4 and 5 meet above the truncated end of ambulacrum V, 
and, except that the suture between the two areas is somewhat 
irregular, continue side by side up to the apical system as a 
compound area of four columns of plates. 

The adaptation of interambnlacra 2 and 3 to the changed 
conditions is different. Here column b of area 2, and column a 
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of area 3 are discontinued nfter they have wrapped round the 
adapical end of ambulacrum 111, and their place is taken by a 
single median series of heptagonal and hexagonal plates, so that 
n compound area of three columns of plates abuts on the hyper- 
hrophied marlreporite. 

The structure of the nmbulacm at and towards the ends of the 
truncated areas is shown in text-figures 229 and 230. The pori- 
ferous pla.tes are seen to curve round the extremities of the zones 
with considerable regularity, leaving a regularly rounded outline 
rather than an  a.brupt break in  the course of the growth of the 
area. 

Text-fig. 229. Text-fig. 230. 

Abnorinal nmbulncin of AmCZypnetcstes. 

Counting from the peristome there are about 25 sets of plates 
i n  ambulacrum 111, and about 28 in V. I n  a normal ambulacrum 
there are about 56. 

The abnormal development, or rather, lack of development, in 
this specimen is quite similar to that noted by Messrs. Ritchie 
and McIntosh in Echinccs esculentus, except that the retwdation 
of ambulacral growth has affected two areas instead of one only. 
The development of fresh ambulacral plates seems to have been 
checked at a different period in the life of the animal in the w e  
.of each ambulacrum, and no such corresponding irregularities at 
about the same region of the other areas are to be found in the 
Arnblypneustes as there were in the w e  of the Echinus. Thus 
the  hypothesis of (L uniform and temporary wound or disease 
affecting the growth of new plates round the apical system, which 
could account for the latter’s abnormalities, does not seem 
tenable in  this case. Moreover, the great irregularity in the 
uumbers and proportions of the plates of the apical system seem 
to point to a more rzdical morbidity than is compatible with the 
idea of mere local injury. 

It seems probable that the two missing ocular plates of the 
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apical system may have been resorbed, as they should b v e  
existed a t  the adapical extremities of the truncated ambulacra in 
the early and normal phase of the animal’s existence. There is 
no sign of their having been carried down to remain in their 
terminal position a t  the ends of the anibulacra. 

There is a small hole in the middle of interambulacrum 2 
which does not look like a mere chance puncture inflicted after 
the death of the animal, as it seems to have been partly healed 
up by a fresh deposition of calcite from within. The hole may 
be the result of the activity of some boring parasite, but whether 
such an agent could cause the remarkable irregularities that  
exist in the test seems very doubtful. 

The following are a few important measurements of the test :- 
mm. 
36 

Breadth (at right angles to above) . . . . . . . . . . . .  31 

Ambitus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
Diameter of peristome . . . . . . . . . . . . . . . . . . . . .  10 

5 
14.5 

Length (ant. ratl. to post. intermd.) . . . . . . . . . .  

Height (including apical system). . . . . . . . . . . . .  30 

Length of apical systeiii . . . . . . . . . . . . . . . . . . .  7.75 
Breadth of apical system . . . . . . . . . . . . . . . . . . . .  

?, 11 1’ 1 ,  1’ 1’ 77 77 10 
From rad. I11 to nearest point of apical system . 

5.  The Decapods of the Genus Gennadus collected by 
H.M.S. Challenger.’ By STANLEY KEMP, B.A.* 

[Received June 7,1909.1 

(Plates LXX1ILLXXV.t)  

I n  1881 $, Spence Bate established the genus Gennudus for the 
reception of certain abyssal Penseidse found by the ‘ Challenger ’ 
Expedition. He  recognized two species, G. purvzts and G. inter- 
nzedius, but his descriptions and figures, viewed from the stand- 
point of our present knowledge, are hopelessly inadequate. 
Since 1888, when the full Report on the ‘ Challenger ’ Crustacea 
Macrura appeared, several authors have recorded Gennadus pccruus, 
but owing to the imperfections in the original description it 
may be doubted whether much reliance can be placed on their 
determinations. 

Only quite recently has any good basis been formed for future 
work. Bouvier, in 1906 0 ,  outlinod a scheme for the identification 
of six Atlantic species and emphasized the value of several 
characters as specific determinants ; by means of these species he 

* Communicated by Dr. W. T. CALMAX, F.Z.S. 
t For explanation of the Plates see pp. 7’19 & 730. 
2 Ann. Mag. Nat. Hist. Sept. 1881, p. 91. 
§ Hull. MIIS. Ockanog. Monaco, 80. 1908. 
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was able to trace the derivation of the genus from t&e more 
primitive Benthesicynaus. This short paper was followed in 1908 * 
by a lavishly illustrated memoir on the Penreidrt: collected by the 
Prince of Monaco, containing fuller treatment of the same species 
in addition to valuable information on other genera. These two 
papers have greatly facilitated any further work on the subject 
and the revision of the ‘ Challenger ’ material has in  consequence 
been robbed of much of its difficulty. 

Before going further it is, however, necessary to refer to the 
generic status of the species belonging to this group. I n  1882 t 
8. I. Smith described, under the name of An,oEopeimus, a genus 
which differs from Spence Bate’s G‘eimudus only in the total 
suppression of the podobranchs on the first three pairs of pereiopoils. 
For some time it was thought that Spence Bate’s determination 
of the bmnchial formula was incorrect--a not unreasonable 
hypothesis ; Alcock, however, stated in 1901 that these gills were 
present in certain specimens of Genauclas from Indian waters, 
and an examination of the type species in the British Museum 
establishes the correctness of Spence Bate’s observation. 

On the other hand, specimens of Anaalopenmus elegoits from the  
N.E. coast of America show no trace of thesegills, thuscontirming 
Smith’s determination and that of several subsequent writers. 

The question now arises whether the presence or absence of 
these gills is of itself a factor of sufficient importance to justify 
the retention of two distinct genera-for it is almost certain that. 
no other characters are available for their separation. Although 
the literature of the subject contains numerous references to 
this question, Bouvier, strangely enough, makes no mention of i t  $ 
in his memoir on the material collected by the ‘ Princesse- , 

Alice.’ 
The nomenclature of the species is perhaps a matter of minor 

importance, if the relationships of the various forms are fully 
understood. Podobranchs are rarely found on the thoracic limbs 
of Decapoda Nahnt ia  ; they are most frequently present in the 
Pensidea, and in such a tribe, which abounds in  primitive 
characters, the absence of these gills is rightly regarded as a 
feature of great importance, for it indicates in no uncertain way 
the degree of specialization to which the species has attained $. 
I have consequently retained Anaalopenmits as a distinct genus 
and consider Bouvier’s group, Benthesicynio, to comprise three 

* RQs. Camp. Sci. Monaco, xxsiii. 1008. 
t Bull. hlus. Comp. Zool., Harvard, rol. X. 1882. 1 llouvier (Zoc. cit., 1908) regards AmnZopsnless as a synonym of Gennndas a~ id  

in refereuce to the gill forinuln, merely states that it  is the same as that 0; 
Bentkesicymus. This is certainly inaccurate for at least one of the epecies he \vas 
dealing with, viz. Amalopenceus (Oennudas) elegans. 

§ Although the determination of the complete gill formula in these species is a 
matter of some difficulty, the presence or absence of ~odobranchs on the first three 
pereiopcds can be observed with the greatest ease. l h e  podobranch in (fennadnas 
(Pl. LXXIV. fig. 6) is an oiitgrowtli from the base of the epipod; in Amalopenlezcs 
a considerable space intervenes between the epipod aud the lowest gill (an arthro- 
hranch). 
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genera, Benthesicynwa, Gemadas, and Amdopencewr, the  firat 
being the most primitive and the last the most highly specialized. 

The species of Gennadas and Ammlopenccus are by no means 
easy of determination. The best characters are undoubtedly 
those afforded by the membranous expansion of the  endopods of 
the first pleopods of the male (known as the petasma) and by the 
sternal plates of the cephalothomx (the thelycunz) in the 
female. 

These characters are of course of little value in veryyoung 
specimens, but they appear to afford trustworthy indications iIi 
all examples upwards of one half the maximum length of the 
species. 

So far as at present known there is extremely little variation 
in the form of the adult petasma, but this is not necessarily the 
case with the thelycum, for Bouvier (1908, loc. cit.) has instanced 
several variations in the case of Amcdopenc~zcs vakns, Smith. 
Although it might be expected that seasonal variations depending 
on the degree of sexual maturity of the individual would be 
manifest in both thelycum and petasma, it must be noticed that 
there is no evidence of this in the case of Amalopencew ekgans, a 
species of wide Atlantic distribution and of common occurrence. 

Bouvier has indicated other characters of great value in the 
determination of the different species. Of these, the most im- 
portant are the form of the antennary and infra-antennary angles, 
the proportional length of the second and third joints of the 
antennular peduncle, the proportional lengths of the ultimate 
joint of the mandibular palp and of the merus, carpus, and chela of 
the first three pairs of pereiopods. Valuable information is also 
afforded by the form of the antenna1 scale and by the presence or 
absence of a stout median spine on the first abdominal sternum. 

The specimens referred by Spence Hate to Geimaclas parcus and 
G. intermedius are for the most part fairly perfect ; the majority 
of those recorded in the Challenger ' Report are preserved in the 
British Museum, and the types of both species are extant. The 
specimens missing are four in number, viz. :-- 
St. 137. 35' 59' S., lo 34' E. 
St. 159. S. of Australia. 
St. 250. N. Pacific. 
St. 289. S. Pacific. 

The result of an  investigation of the remaining specimens, 
siventeen in number, is indicated in the table on p. 721. 

If these results be accepted, it will be seen that Spence Bato 
was quite as unfortunate in his treatment of this genus as Hansen 
11as shown him to have been with Sergestes. 

I n  the following systematic notes no attempt has been made to 
correct the many inaccuracies which disfigure Spence Bate's work. 
The condensed descriptions and figures will, it is hoped, prove 
sufficient for the recognition of the type species and the two forms 
described as new. The various shapes assumed by the lobes and folds 

Recorded as G. intermedius. 

Recorded as G. parvus. 1 
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- 
6 

Spence Bate's 
identification. 

I 
Amalopenaw elegam, Smith. 

3tat.ion. 

- 
46 
101 
120 
208 
220 
do. 
do. 
230 
232 
do. 
do. 
do. 
295 
237 
207 
106 

? 

$ 

/ ? 

$ ? 
6 

Locality. 

M. of Delaware R. 
06 Sierra Leone. 
Off Pernambuw. 
Off Mnnila. 
N. of New Guinea. 

do. 
do. 

9. of Japan. 
do. 
do. 
do. 
do. 
do. 

Off Yokohama. 
N. Pacific. 
Off Sierra Leone. 
Off Bermuda. 

' Not determiued. 

~ Z I i a s  calmani, 

Not determined. 

;-ps*aa" rcutatw, 

Author's I 
sex. identification. 

n. sp. 

, Bouvier. 

of the petasma are so complicated that they nlmost defy adequate 
textual treatment ; the necessary information is consequently 
conveyed solely by the figures. 

All that is a t  present known of the habits of Gennwdas and 
dmalopenmus goes to prove that they are free-swimming forms 
which never live on the ocean bottom. It is probable that all the 
specimens found by the ' Challenger ' were caught during the 
ascent of the net ; the depths given can therefore be accepted only 
as indications of the soundings a t  the different stations. 

GENNADAS PARVUS Spence Bate. (Plate LXXIII. figs. 1-6 ; 
Plate LXXV. fig. 1.) 

Genndaspccrvics, Sp. Bate, Ann. Mag. Nat. Hist. Sept. 1881, 
p. 192, and ' Challenger' Crustacea Macrura, 1888, p. 340, 
pl. lix. 

8 Genncldos pwrvtcs, Wood-Mason, Ann. Mag. Nat. Hist. Feb. 
1891, p. 189, and Oct. 1891, p. 286. 

? Gennadas parvus, Alcock, Desc. Cat. Indian Deep Sea Maci-ui-a, 
1901, p. 46. 

? Qennadccs parvus, Rsthbun, U.S. Fish Comm. Bull. for 1903 
(publ. 1906), p. 907, fig. 60. 

St. 230. S. of Japan. 26" 29' N., 137' 57' E. Trawl. 2425 
fathoms. 

The rostra1 crest (Pl. LXXIII. fig. 1) is elevated above the 
dorsal carina of the carapace ; its frontal margin is rather strongly 
convex. It bears the usual fringe of setz between the apex and 
the dorsal spine, while behind the latter there is a small tubercle 
situated on the dorsal carina of the carapace. Both the antennary 

One male, the type specimen, 25 mm.* 

* Measured from the apex of the rostrum to the tip of the telsoii. 
PROC. ZOOL. SOC,-1909, NO. XLIX. 49 



[June 15, 

and infra-antennary angles are strongly acute and a very small 
branchiostegal spine is present. The distance between the 
cervical and post-cervical grooves, measured dorsally, is about 
one-third the distance from the post-cervical groove to the hinder 
edge of the carapace. The mid-dorsal carina is not evident 
behind the latter groove. 

The eyes are in very poor condition, one missing and the 
other badly damaged. The second joint of the antennular 
peduncle is very short ; measured dorsally it is less than half the 
length of the ultimate segment. The antenna1 scale (Pl. LXXIII. 
fig. 4) is three times as long as broad and iiot much narrowed 
apically ; the convex outer margin terminates in a minute spine, 
which hardly extends as far forward as the lamella. 

The ultimate joint of the mandibular palp (Pl. LXXIII. fig. 5) 
is fully as long as the width of the first joint. I n  the second 
maxilla the anterior lobe of the internal lacinia is not constricted 
behind its apex and is not narrower than the adjacent lobe of the 
external lacinin. In  the latter lacinia the anterior lobe is about 
one and a half times the width of the posterior. The endopod 
(P1. LXXIII.  fig. 2) is furnished with two stout curved spines 
behind the apex, beyond which the narrow distal prolongation 
bears four sets on the inner margin. The endopod of the first 
maxillipede reaches slightly beyond the exopod. The third seg- 
ment is one and a quarter times the length of the second ; tho 
fourth segment is extremely minute. Three stiff curved spines 
:we situated on the inner distal margin of the basal joint. In  the 
second maxillipede the merus (Pl. LXXIII.  fig. 3) is rather less 
than twice &r long as broad ; its anterior prolongation (i. e. the 
portion extending beyond tho insertion of the carpus) is about 
one-third the total length of the segment. 

The fiist pair of pereiopods is missing. I n  the second pair the 
carpus is nearly half as long again as the chela, and the dactylus 
is distinctly shorter than the palm. The carpus of the third pair 
is exactly the %%me length as the merus and more than twice the 
length of the chela ; the clactylus is slightly shorter than the 
palm. 

The abdomen is carinate only on the sixth somite and the median 
spines on the sterna are all very blunt and inconspicuous. On 
the lower margin of the telson there are basally two rounded 
lobes. The apex (Pl. LXXIII. fig. 6) is rather broad and convex. 
A short stout spine marks each outer angle ; between these there 
are nine plumose set= of which the middle one is the longest. 

The petasma is very complex ; its numerous lobes and folds are 
shown in PI. LXXV. fig. 1. 

This species bears a close superficial resemblance to dnzulo- 
pencezcs eleyans *. Apart from the generic character-the presence 

* My statement (Fisheriev, Ireland, Sci. Invest. for 1806, V. 1908) that G. parvw 
and A. elegans me synonymous I now regard as erroneous. The mistake is probably 
traceable to the close reseinhlance of the two f o r m  and to the fact that an authentic 
example of A .  elegans wcurs ill the collection under the name o f  G. parttun. 

722 NR. S. KEMP ON DECAPOD 
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of poclobranchs on the first three pairs of pereiopods-G. parwus 
is distinguished by the greater distance between the cervical and 
post-cervical grooves, by the strongly acute infra-antennary angle, 
by several details in the oral appendages, and by the form of the 
petasma. 

GENNADAS ISTERMEDIYS Mpence Hate. (Plate LXXIII.  figs. 7-1 2 ; 
Plate LXXV. fig. 3.) 

Gennadccs ixternzeclizis, Sp. Bate, ' Challenger ' Crustacea 
Macrura, 1888, p. 343, pl. lviii. fig. 3. 

M t .  106. Off Sierra Leone. 1' 47' N., 24' 26' W. Trawl. 1850 
fathoms. 

St. 120. Of Pernambuco. 8' 37' S., 34' 18' W. Trawl. 675 
fathoms. One male, ca. 46 mm." (sub G. parwwr 
Sp. Bate.) 

This species is evidently one of t,he more primitive species of 
Geimadas, and is closely allied to G. alicei Bouvier. Both the 
specimens are unfortunately in bad condition. 

The rostra1 crest (PI. LXXIII. fig. 7) is only slightly elevated 
above the dorsal carina of the carapace, presenting a marked 
contrast to that found in the preceding species. The inferior 
margin is not convex. The fringe of set= between the apex of 
the rostrum ancl the dorsal spine was evidently present originally, 
;dt,liough scarcely H. trace of it now remains. The antennary and 
infra-antennary angles are both bluntly rounded and very obtuse ; 
the emargination between them is shallow, but not altogether 
missing as in G. alicei. The binnchiostegal spine is wholly absent 
in the type specimen, but an exceedingly minute point is visible 
on one side of the second example. The hinder part of the cara- 
pace is distorted and crushed in both specimens; the distance 
between the cervical and post-cervical grooves (measured dorsally) 
is however great, probably one-half the distance from the post- 
cervical groove to the hinder margin of the carapace. The mid- 
dorsal carina is traceable throughout the length of the carapace, 
although faint in the posterior half. 

The eyes are in bad condition, but the width across the cornen 
seems to be less than in G. alicei. The second joint of the an- 
tennular peduncle, nieasured dorsally, is equal in  length to the 
third joint. The antenna1 scale is broken in every instance, but 
it is evident that it is not strongly narrowed apically. 

The distal joint of the mandibular pdp  (Pl. LXXIII. fig. 8) is 
slightly longer than the width of the first joint. I n  the second 
maxilla the anterior lobe of the internal lacinia is constricted 
behind its apex, ancl is distinctly broadel. than the adjacent lobe 
of the external lacinia. I n  the latter lacinia the anterior lobe is 
fully one and a half times the width of the posterior lobe. The 
apex of the endopod has not exactly the same character in the two 

One male, the type specimen, ca. 48 mm. 

* In the bottle with this speciinen there is a lnbel in 1h. Hanseii's writing, which 
reads-" Agrees with the type of G. interinedius, Bate, not with G. parvus." 

49" 
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specimens. I n  t'he type (Pl. LXXIII. fig. 9) there are four curved 
dorsal spines, two long set% at the apex of the short distal prolon- 
gation and one short spine on the inner margin. In tlie second 
exmiple (PI. LXXIII. 6g. 10) there are three dorsal spines, n 
inucli longer distal prolongation, and six short spines on the 
inner margin. 

The endopod of the first maxillipede falls short of the apex of 
the exopod. The oval third joint is twice the length of t h e  
second ; the fourth joint, when present, is very minute. The 
basal joint bears two curved spines on its inner distal margin. 
The merus of the second maxillipede (Pl. LXXIlI. fig. 11) is 
rather less than twice as long as wide, and its anterior prolonga- 
tion is not more than one-quarter the total length of the joint. 

In the first pair of pereiopods the carpus, which is about the 
same length a s  the chela, is three-quarters the length of the 
meriis. I n  the second pair the carpus is one and a half times as 
long 11.6 the chela, while the dactylus is evidently shorter than 
the palm. The carpus of the third paic is fully as long as the 
merus, the chela is stbout half tlie length of the carpus, and the 
dactylus is considerably shorter than the palm. 

Each of the abdominal sterna bears a blunt and inconspicuous 
tubercle ; the sixth soniite alone is dorsally carinat.e. Tlie lower 
margins of the telson a.re bluntly bilohed at the base. The apex 
is broken in the type; in the second specimen (Pl. LXXIII. 
fig. 13) it  is narrow, truncate, n.nd is armed with a pRir of stout 
spines a t  each outer angle, between which are four plumose setae. 

The petnsma (PI. LXXV. fig. 3) is almost identical in the two 
specimens. 

The resemblance of this species to Gennadas olicez is very 
marked, and it is by no means improbable that the two forms 
will eventun.lly turn out to be specifically identical ; in this case 
the name given by Spence Bate claims priorit,y. 

The chief points of difference between Gennadas internzeditss 
and Houvier's description and figures of G'. cdicei lie in the 
presence of a rather obscure infra-antennnry angle in the former 
species, and in blie forms assumed by the internal lacinin of the 
second maxilla and hy the merus of the second maxillipede. The 
petasmata of the two species are similar. 

GENNADAS CALMANI *, sp. n. (Plate LXXIV. figs. 5-11 ; 
Plate LXXV. figs. 4 k 5.) 
St. 232. S. of Japan. 35' 11' N., 139' 28' E. 345 fathoms. TWO 

St .  236. S. of Japan. 34' 7' N., 138' E. Trawl. 565 fathoms. 

St. 237. Sear  Yokoh:i.mn. 34' 37' N., 140' 32' E. Trawl. 1875 

* This species is a$sociatrd aitl i  tlie name of my friend Dr. W. T. Calman, to 
n-hoin I am indebted for niucli valuable advice R I ! ~  for every facility for work during 
m y  visit to the Uiitisli Mnseiun. 

males, two females, 49-56 mm. 

One female, 55 nim. 

fathoms. One female, 53 mm. 
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The rostra1 crest (PI. LXXIV. fig. 5), except for the greater 
prominence of the dorsal :ind apical spines, agrees rlosely with that 
of G'. pccl.wzcs. The antennary ant1 infrn-antennery aiigles are both 
acute : the latter is rather more bluntly rounded than the former. 
The branchiostegal spine is prominent. The distance between 
the cervical and post-cervical grooves, measured dorsally, is less 
thnn one-third the distance from the post-cerviral groove to the 
hinder margin of the carapace. Both the grooves are faint 
dorsally and do not interrupt the strong metlian carina which 
extends the whole length of the carapace. 

The second joint, of the antennular pet-liincle, iiieasured dorsally, 
is fully three-quartcrs the length of the ultimate joint. The 
antenna1 scnle (PI. LXXIV. fig. 9) is rather less than three times 
a s  loiig as its greatest width and is remarkable fop its extremely 
narrow apex. The ronvex outer margin terminates in a rather 
strong spine, which scarcely reaches as far forward as the 
lamella. 

The ultimate joint of the mnnrlibular palp (Pl. LXXIV. fig. 10) 
is R little shorter than the width of the basal joint. I n  the second 
maxilla (Pl. LXXIV. fig. 8) the anterior lobe of the internal lacinia 
is very strongly constricted behind the apex, but is not broader than 
the adjacent lobe of the external Iacinia. The anterior lobe of 
the latter lacinirt is very broad-about twice the width of the 
interior lobe. The tip of the endoporl is long and narrow ; it 
betais four terminnl setw and four curved tlorsal spines behind 
the apex. The entlopod of the first maxillipede re:iches a little 
beyon(1 the exopod. The third joint is practically twice tlie length 
of the hecond, and the fourth joint is extremely niinute. The 
basal joint bears three curved spines on its inner distal margin. 
The iiierus of the second maxillipetle (Pl. LXXIV. fig. 7) is lest 
than twice as long as wide; the anterior prominence measures 
about two-sevenths the total length of the joint. 

In the  first pair of pereiopods the carpus and chela are of equal 
length ; each is about two-thirds the length of the merus. I n  the 
second pair the palm is almost one and a half times as long as the 
dactylus, the whole chela tieing rather niore than three-quarters 
the length of the carpus. The carpus of the third pair is four- 
fifths the length of the merus ; the chela is exactly half the length 
of the carpus and the palm is not appreciably longer than the 
dactylus. 

All the abdominal 
sterna bear a blunt and inconspicnous median tubercle with the 
exception of the first. which carries a very strong sharply 
pointed spine in the same position. This character, which is 
equally definite in both sexes, will probably prove of considerable 
specific value: it does not seem to orcur in any of the species 
desci ibed by Bouvier. 

The apex of the telson is rounded and furnished with a series 
of long plumose setw (eleven in one fairly perfect example). One 
specimen (PI. LXXIV. fig. 11) bears a pnir of stout spines as 

The sixth somite alone is rlorsiilly cnrinnte. 
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each of the outer angles : in another only a single spine is found 
in this position. 

The petasma (PI. LXXV. fig. 4) is a comparatively simple 
structure and is remarkably small for such a large species. The 
thelycum (Pl. LXXV. fig. 5) bears some resemblance to that of 
G. cclicei. The triangular plate between the bases of the third pair 
of pereiopods is not traceable in one of the females examined. 

This species occupies a somewhat primitive position in the 
genus Gennudas. It is readily distinguished from all forms 
hitherto described, by the use of the characters suggested by 
Bouvier, by the prominent spine on the first abdominal sterniim, 
and by the extremely narrow apex of the antenna1 scale. 

(Plate LXXIV. figs. 1-4; Plate 
LXXV. figs. 6 & 7.) 
St. 206. W. of Manila. 1 7 O  54' N., 117' 14' E. Trawl. 

St. 220. N. of New Guinea. 0' 42' S., 147' E. Trawl. 1100 

The rostra1 crest (Pl. LXXIV. fig. 1) is of much the same form 
as in G.  parczcs ; the apical and dorsal teeth are, however, rather 
less prominent and the inferior margin is not SO decidedly convex. 
The carapace is dorsally carinate throughout its length. Both 
the antennary and infra-antennary angles are acute and strongly 
pronounced, and the branchiostegal spine is distinct though very 
small. The cervical and post-cervical grooves are very closely 
approximate dorsally, the distance between them is scarcely more 
than one-fifth the distance from the post-cervical groove to the 
hinder margin of the carapace. 

The second joint of the antennular peduncle, measured dorsally, 
is about the same length as the ultimate joint. The antenna1 
scale (PI. LXXIV. fig. 2), which is rather narrower distally than 
in G.  purvus, is a trifle less than three and a half times as long as 
wide. The outer margin terminates in a short spine which 
extends slightly beyond the apex of the lamella. 

The ultiniate joint of the mandibular palp (Pl. LXXIV.  fig. 3) 
is rather shorter than the greatest width of the basal joint. I n  the , 
second maxilla the anterior lobe of the internal lacinia is sliglitly 
constricted behind its apex and is rather nnrrower than the 
adjacent end similarly constricted lobe of the external lacinin. 
The anterior lobe of the latter lacinia is one and a half times the 
width of the posterior lobe. The endopod is produced to a 
narrow apex furnished with two terminal setse and four curved 
spines on the dorsal aspect. The endopod of the first maxillipede 
is about the same length as the exopod. The third joint is almost 
twice the  length of the second ; the fourth joint, though small, is 
rather more evident than in the preceding species. The basal 
joint bears three curved spines on its inner distal margin. The 

GENNADAS BOUVIERI*, sp. n. 

2100 fathoms. 

fathoms. 

One female, 28 mu]. 

Two females, 26 and 28 mm. 

* Professor E. L. Houvier. 
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merus of the second maxillipede (PI. LXXIV. fig. 4) is not quite 
twice as long as wide ; the anterior prominence is almost one-third 
the total length of the joint. 

In' the first pair of pereiopods the carpus, which is slightly 
shorter than the  chela, is three-fifths the length of the merus. 
I n  the second pair the dactylus is equal in length to the palm, 
the whole chela being a little shorter than the carpus. The 
merus of the third pair is very distinctly shorter than the carpus, 
the chela i. rather more than half the length of the carpus, and 
the dactylus is almost as long as the palm. 

The sternum of the first abdominal somite bears a large and 
stout median spine ; on the succeeding somites this is reduced to 
a blunt tubercle. The sixth somite alone is dorsally carinate. 
The telson is squarely truncate apically and is furnished with five 
plumose se t s  between the usual pair of stout lateral spines, 

The three females differ slightly in regard to the thelycum. 
One example (Pl. LXXV. fig. 6) shows the dark yellow and toughly 
chitinized spermatophores partially inserted beneath the large 
rounded plate, lying between the third and fourth pairs of legs. 
A second specimen is as nearly as possible identical with this, 
but the spermatophores are wholly covered by the thelycal plate. 
I n  the third example, which shows no spermatophores, the pos- 
terior plate is much shorter than the other two (Pl. LXXV. fig. 7), 
but it is possible that this is due, at least in part, to the contracted 
condition of the specimen. 

Attempts to remove the spermatophores proved unsuccessful, 
for their inner ends are very firmly fixed (probably cemented) in 
R pocket or spermatheca lying beneath the plate. 

Gennadus hoi~vieri differs from all the other species in the 
' Challenger ' collection in the proportional lengths of the merus 
and carpus of the third pair of pereiopods. It takes rank in the 
second section of Bouvier's synoptic table, along with Gennudccs 
tulismani, G. tinayrei, and G. valens. W e  have no precise in- 
formation concerning the branchial formulae of these three species, 
but from Smith's account * it seems probable thab valens is a true 
A malopenoeus. 

GENKADAS SCUTATUS Bouvier. 
Gen?audus scutatus, Bouvier, Bull. Mus. OcBanog. Monaco, no. 80, 

1906, figs. 8 8: 13, and RCs. Camp. Sci. Monaco, xxxiii. 1908, 
p. 42, pl. viii. 

St. 267. N. Pacific. 9" 28' N., 150" 49' W. 2700 fathoms. 

The ultimate joint of the mandibular palp is only a trifle 
shorter than the width of the basal joint. The third joint of the 
endopod of the second maxillipede is wider than in Bouvier's 
figure, and the fourth joint is much less prominent. With the 

(Plate LXXV. fig. 2.) 

One male, 21 mm. 

* Rep. U. S. Fish Comrn. for 1882 (1883), p. 802. 
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exception of these details the bpecimen agrees in every respect 
with the French author's account. The petasma (Pl. LXXV. 
fig. 2) is almost identical with the text-figure published in 1906. 

The presence of podobranchs on the first three pairs of pereio- 
pods indicates that this form, like the four species already 
described, is a true Genmdus. 

ANALOPENBUS ELEUANS Smith. 
St. 45. Off the mouth of the Delaware R. 38" 34' N., 7 2 O  10' W. 

The solitary specimen, which is without trace of podobranchs 
on the first three pereiopocls, is in all respects typical of this 
well known Atlantic species. 

Three of the specimens present in the collection have not been 
determined :- 
St. 101. Off Sierra Leone (sub G. parvzis Sp. Bate). 

is figured in the 'Challenger' Report. 
that any attempt a t  identification is out of the question. 
St. 220. N. of New Guinea (sub G. parwzts Sp. Bate). 

A single female from the above station is easily recognized as 
distinct from the two G. bouwieri occurring in the snme haul. It 
appears to represent an undescribed species, but it does not seem 
advisable to attempt a description without more abundant 
material. 
St. ? Off Bermuda (sub G. intermedim Sp. Bate). 

The petasma of this small specimen, which was caught at  the 
surface, does not appear to have rt-umed its adult form. 

The following list of references may be of value to future 
workers a t  this group. So far as I am aware, it comprises all 
species referred to Gennndns (sensii lccto) which have not been 
noticed in the present paper or in Bouvier's memoir :- 
Gennadas carinatus Smith. N.E. Atlantic and Arabian Sea. 

Smith (sub Benthesicpus 1 carinat us), Rep. U.S. Fish Comm. 

Alcock 6: Anderson, Journ. As. SOC. Bengal, lxiii. 1894, p. 147. 
Alcock, Desc. Cat. Indian Deep Sea Macrura, 1901, p. 46. 
McGilchrist (G. curinatus ?), Ann. Mag. Nat. Hist., March 

Trawl. 2500 fathoms. One male, 24 nim. 

This specimen, which is partially devoured by a parasitic worm, 
Its condition is so bad 

for 1882 (1884), p. 396, pl. x. figs. 6 & 7. 

1905, p. 236. 
Gennccrlos borealis Rathbun. Aleutian Is. 

Rathbun. Proc. U.S. Nat. Mus. xxiv. 1902. D. 887. 
Rathbun; Harriman Alaska Exped. x. 1964, p. 147, figs, 

88 & 89. 
Cennadas popinquus Rathbun. Hawaiian Is. 

Rathbun, Bull. U.S. Fish Comm. for 1903 (1906), p. 907, 
fig. 61. 
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Gemrcdrcs sp. Ecuador. 

& ? 1 7 L C 6 t h  Sp. Hawaiian Is. 
Faxon, Mem. MLIS. Comp. Zool. Harvar(1, sviii. 1895, p. 207. 

Rnthhiin, Boll. U.S. Fish Comin. for 1903 (1906), p. 907, 
fig. 62. 

It is inucli to be regretted that so little is known concerning 
the branchinl formulw of many of the species. A t  present only 
one undoubted species of Aniulopemws is known-A. eleguns 
Smith, though it is probable that the form described by Smith 
valens also belongs to the same genns. Six species, viz., the four 
described in this paper along with G .  sezhtatus Bouvier and 
G. carir?atzcs Smith belong to Ge7mu4Zffis (semi!, stricto). I n  all the 
reniaiiiing species precise information concerning the  branchial 
formula is lacking. Even those who are not clispmed to admit 
the existence of two distinct genera will recognize the value 
of the character for splitting the group into workable sections. 

EXPLANATION O F  THE PLATES. 

PLATE LXXIII .  

Gensadaspnruiis Sp. I3ate. 
Fig. 1. Lateral view of the anterior part of the type specimen. X 10. 

2. Apex of the endopod of the second maxilla. X 66. 
3. Second maxillipede. x 11). 
4. Aiitennal scde. x 11. 
6. 3hndil)ular palp. x 24. 
6. Apes of telson. x 26. 

Gennadas interinedius Yp. Bate. 
Big. 7. Lateral view of the anterior unrt of the tvne suecimen. X 6. _ -  - 

8. Mandibular palp. X 61. - 
9. Apex of the eirdopod of the second maxilla of the type specimen. X 30. 

10. A D ~ X  of the endouod of the second maxilla of the second snecimen. X 30. 
11. Part  of the endop'od of the Recond maxillipede. X 6 t .  
12. Apex of the telson. x 26. 

PLATE LXXIV. 

Gennadas boziuieri, sp. 11. 

Fig. 1. I.ateral view of the ulterior part of the carapace. X 76. 
2. Antenna1 scale. X E t .  
3. Mandibular palp. X 101. 
4. Second maxillipede. X 14. 

Uennadas calniani, xp n. 
Fig. 6. Lateral view of the anterior part of the carapace. X 63. 

6. Part  of the second pereiopod, showing the epipod, podobranch, anti two 

7. Part of endopod of second maxillipede. 
8. Second masilla. X Bt. 
9. Antenna1 scale. X 4. 

10. Mandibular palp. X 7. 
11. Apex of the telson. X 2lt. 

arthrobranehs in situ. X 9. 
X 6. 
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PLATE LXXV. 
Gennadaspararvus Sp. Bate. 

Fig. 1. Petasma, right side. X 17. 

Gmnadas scutatus Bouvier. 
Fig. 2. Petasma, left side. X 25. 

Gennadas intermsdius Sp. Bate. 
Fig. 3. Petasma, right side. X 16. 

Gennadas calmani, sp. n. 
Fig.4. Petasma, left side. X 10. 

6. Thelycum. X 71. 
Gennadas bouvieri, np. 11. 

Fig. 6. Thelycum, showiiig sperinatophores in situ. X 20. 
7. Thelycum of another specinleu. X 20. 

[June 15, 

ti. Notes on a Yonng Walrus (Oclo6~~~nus  rosmarus) recently 
living in the Society’s Gardens. By P. CHALMEKS 

MITCHELL, M.A., n.Sc., Hon. LL.D., F.R.S., Secretary 
to the  Society. 

[Received Julie 11, leO9.j 

(Plate LXXVI. *) 
The Society received on Nov. 23, 1908, two young examples of 

the Atlantic Walrus, Odobcerws ~ o s m u r ~ ~ s .  The animals canie 
from Franz Josef Land and were cubs born in the spring of the 
same year, and probably, therefore, under nine months old. It 
was stated that whilst the whaling ship, which brought them 
from the Arctic region, was in harhour, the animals were allowed 
to go to the bottom, ropes being tied round their shoulders to 
prevent their escape, and the sailors were of the opinion that they 
fed themselves there although they had no views as to what the  
food was. On the other hand, they had been fed on the voyage 
until their arrival in England, on whale’s blubber. On their 
arrival at the Gardens, the only food that they would take at 
first, and which afterwards they appeared to prefer, was horses’ 
fat. They took this from the hand in small pieces, and RS they 
sucked i t  in, made a slobbering sound with their protruded lips. 
Whatever food they took, eit,her from the hand, or from the 
ground, or from a bucket mixed with salt and water, they always 
sucked in small pieces, and would take only when it was soft 
and slippery. A s  fat is not a sufficient diet, every effort was 
made to  get them to take something more nutritious. After a 
good deal of persuasion they were induced to take fresh fish, 
cleared of bones and cut into strips ; they preferred cod to haddock 
or whiting, and would not touch filleted herring. They ate 
greedily the soft viscera of cod, such as liver and roe, and portions 
of the intestines. They also took mussels and scallops removed 

* For esplanation of the Plate see p. 732. 
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from the shells, but shomerl no knowledge of how to extract them 
for themselves, although they would bring up amusseis from the 
bottom of their pond. They also ate slices of squid readily, but, 
although they would turn them over as if hunting for something, 
they would not eat edible seaweed, green laver ( Uha) ,  ordinary 
seaweed (PUGUS vesicdoscl), or laminaria. 

Walruses have been stated by Malmgren to  subsibt for two 
years almost solely on the milk of the mother, but i t  seems 
probable from the way these young animals would suck up soft 
food from the hand or seek it out when it was placed on the 
ground, that in the natural condition they subsist partly on 
chewed food accidentally or designedly dropped from the nioutli of 
the mother *. Whether their diet in the Society's Gardens was 
natural or not, it was evidently sufficient. One of the two speci- 
mens died as the result of R most unfortunate accident after it had 
been with us for about a week, and the other died of a severe 
double-pneumonia after a few weeks, but in each case the body 
was thoroughly well-nourished. 

These young Walruses were extremely docile and intelligent. 
They made friends with the keeper very quickly and wonld 
follow him about, and would readily come out of the water to be 
fondled by anyone who took an interest in them. On one 
occasion a Sen-Lion, by a remarkable feat of agility climbed the 
barrier and came into the small portion of the pond occupied by 
the surviving Walrus. I n  the morning, the two animals were 
found peacefully sharing the sleeping-den. But the sea-lion hat1 
bitten the Walrus, although not seriously, and for a day or two 
afterwards no persuasion would induce the Wnlrus to leave its 
den and go out where it could hear and see the Sen-Lions. 

It has been suggested that the pads of strong pellucid bristles, 
which form the drooping, whisker-like masses depending from the 
npper lip on either side of the nostrils, may serve as a kind of 
strainer. However this may be, they certainly niust serve to 
protect the muzzle from injury, The young Walruses constantly 
rubbed their muzzles over the surface of the ground or against 
the sides and bottom of the tank. I n  moving on land, they not 
infrequently used the muzzle in progression, raising themselves 
partly froiii the ground with a considerable portion of tlieir 
weight resting on these bristly pads. Moreover, in the rather 
laborious task of climbing out of the water on to the rocky edge 
of the pond, they almost invariably raised the head out of the 
water, pressing these bristles flat against the rock, and so to spvak 
heaving t,hemselves up as if with the aid of the fore-flippers they 
were on the way to stand on their heads. The rough bristles not 
only protected their muzzles but gave them a better hold on a 
slippery surface. 

* Since reading the above paper I hare been informed by Mr. B. C. Johanneseil, 

their natural state, that the young stay with the mother for about three years, and 
that they are fed on food which bhe cliens and throws on the gronnd. He added 
that muwels and other shell-fish are the staple food.] 

who 6' as freqnently been to Franz Josef Land and \rho has watched Wa1ruse.i in 
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My friend and predecessor nr. P. L. Sclater having called my 
attention to the want of a good figure of the young Walrus, taken 
from a living specimen, I was foiZiinate enough to enlist the interest 
of Mr. Carton Moore Park, F.Z.S., who made a series of careful 
studies from the living animal, one of these being reproduced 
in Plate LXXVI. The figure shows the animal in a characteristic 
attitude. The general coloration is a dull rusty black approaching 
to mahogany over the body generally, and with a strongly marked 
bluish t int  on the naked parts of the face and flippers. The hair 
of the fur was nearly bluish black when dry. The eyes were 
brown and very soft and intelligent. The whiskers were trans- 
lucent, and varied in colour from white or yellow to light-blue 
according to the incidence of the light falling on thein. 

EXPLANATION OF PLATE LXXVI. 
P01111g Walruu, Odohentis rosmarus, drawn froin a l i i  iiig e\ample by XIr. Carton 

Moore Ymk, P.Z.S. 

7. Notes on the Viscera of n Walrus (Odobte~iits vosiiiai*us). 
By R. H. BURNE, M.A., F.Z.S. 

[Received May 24, l9OS.l 

(Test-figures 231 -234.) 

Through the kindness of Mr. Beddard, some of the viscera of 
the young female Walrus, lately living in the Society's Gardens, 
were sent to the College of Surgeons for use in the Museum. 
Several preparations were made from them by the Prosector 
(William Pearson), and although the anatomy of the Walrus 
is fairly well known, particularly from the researches of Dr. Murie 
published in the  Transactions of this Society for 1872, some few 
points worthy of record are shown by these new specimens. 

Tile dicqh%gnzutic sphiirctei. OJ tJLe vena C U V C ~  iigerior. 
Among the viscera supplied to the Museum were the heart and 

Inngs, and in connection with them the upper part of the vena 
cnva inferior and a minute fragment of the diaphragm. I n  making 
this preparation the Prosector observed that the lower 3 cm. of 
the thoracic segment of the vena cava inferior was surrounded 
by a sheath of circularly disposed striated muscle directly con- 
tinuous with the muscles of the diaphragm (text-fig. 231). The 
sheath is from 1-2 mm. thick and terminates towards the 
heart in a sharp, well-defined edge. For some distance from 
this edge i t  could easily be freed from the underlying wall of 
the caw, but was more firmly adherent to i t  near the diaphragm. 
A similwr inuscle lias been described in Phocu vitztlii~a and 
Phocmtcc conmttnis *, and apparently forms part of a mechanism 
for controlling the blood-stream in aquatic mammals. 

* Weber, Arch. f. Anat. (&Idler) 1840, p. 236. 
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I n  Cletacea :d Pinnipedes the vena cava and hepatic veins 
combine to form an  enoymous reservoir between the liver aud the 
diaphragm (Barkow, '' Die Blutgefisse ") iii which an ininiense 
quantity of blood can be stored. The exit from this reservoir is 
comparatively narrow and can obviously be still further decreased 
or possibly completely closed by such a sphincter band iLs that  
described above. 

Text-fig. 231. 

Sph. 

The thoracic vena c a w  inferior of a N'dri:s, showing the diaphragmatic 
sphincter band, Sph. 

There seems little reason to doubt that, tlie venous reservoir 
and the sphincter of the venlt Cava form parts of one mechanism, 
the use of which is possibly 'to restrict tlie flow of veiious blood 
to the heart and so to keep up the a.verage purity of the blogd 
when the animal is immersed. For it  is clear that the more the  
aeration of the blood is confined to that necessary for the action 
of the central nervous system and the voluntary parts of the 
animal, the further the oxygen stored in the lungs will go in 
carryiiig on the absolutely necessary activities of the body and 
the longer the animal will be able to stay immersed. It would 
thus seem to be of decided advantage t,o a diving mammal to be 
able to prevent, temporarily, the blood returning from the alimen- 
tary canal and liver (which forms a very great part of the blood 
carried by the vena cava inferior) from reaching tile heart and 
lungs, for if this niass of impure blood were poured into the  
lungs, as in the ordinary course of circulation, it would tend to 
very greatly hasten the general fouling of the blood. 

But duriiig immersion the action of the vegetative as opposed 
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to the voluntary organs might without much disadvantage be 
held more or less in abeyance, and their circulation be stopped 
or retarded for the time. As a matter of fact the visceral 
circulation, even if the venous sphincter were completely closed, 
would probably not become quite stagnant, at least for some 
considerable time, for the returning venous current would be 
accommodated in the sub-diaphragmatic sinus. When the animal 
returns to the surface and breathes again, the temporary block 
on the vena cava inferior would be removed and the normal 
circulation restored. 

I n  this connection it should be noticed that in the Walrus 
(Mnrie, 1. c. p. 431) the arteries for the head and fore part of 
the body and for the alimentary canal are remarkably large in 
comparison with those for the hind limbs, so that evidently the 
two most important venous return currents are from the viscera 
by the inferior cava and from the fore part of the animal by the 
superior cava, that  from the hind end of the body being insigni- 
ficant. The removal of one of these chief sources of impurity 
from the circulation would necessarily greatly enhance the 
effective purification of the other. 

Although this may be, and I think is, the primary function of 
this muscle, there is also the probability, RS pointed out to me by 
my cousin (Mr. T. W. Burnc), that the temporary closure of the 
rena cava inferior would help to relieve the pressure in the right 
heart consequent on the suspension of respiratory movements. 

This pressure must be very grmt in diving creatures, and the 
paramount importance of its reduction is shown by the presence 
even in animals not aquatic, including man, of a well-known 
mechanism in connection with the tricuspid valve designed to 
act as a mfety-valve and allow of the backflow of blood into the 
veins when the right ventricle becomes unduly distended through 
cessation of active respiration or by an increased flow of venous 
blood to the heart. This mechanism was exhaustively described 
inany years ago by Mr. T. W. King * (for the knowledge of whose 
p3per I am much indebted to Dr. James Mackenzie), and his argu- 
ments, as he himself emphasizes, apply with added force to diving 
air-breathing creatures, for not only is the pulmonary circulation 
checked by the cessation of the respiratory movements while the 
animal is still otherwise in full activity, but as has been shown 
by Mr. Houston? the great pressure of the surrounding water 
tends to drive the blood from the surface of the body and con- 
centrate it upon the heart. To obviate this and to retard the 
return flow of the blood, there are in most if not all diving 
air-breathing animals (both birds and mammals) great sinuses 
in connection with the chief veins in which the blood may collect 
on its way to the heart and into which it may regurgitate through 
the imperfectly closed tricuspid when the over-distended right 
ventricle contracts. But except in the case of the inferior venx 

* King, Guy’$ Hospital Reports, vol. ii. 1837, pp. 101r178. 
f Houston, Brit. Absoc. Reports, 1836, p. E l .  



1909.1 VISCERA OF A WALRUS. 735 

cava in Pinnipedes and Porpoises there is, so far as I know, 
no sphincter for cutting off the venous reservoirs from the heart, 
and in fact if there were, it would to some extent diminish their 
efficiency as receptacles t o  receive the backflow thrown into the 
veins through the tricuspid and auricle. One is therefore led to 
suppose that the function of the  sphincter is primarily not so 
much t o  relieve the pressure on the  heart, as by restricting the 
quantity of venous blood returning to  the heart to prolong the 
time during which such blood as is absolutely necessary for 
the voluntary activities of the animal c m  be efficiently aerated. 

The gelrevatiue organs. 
I n  the ‘Journal of Anatomy’ for 1900 (p. 159) Professor Cleland 

describes the reproductive organs of a young female Walrus and 
draws attention in particular to the condition of the cervix and 
corpus uteri-the part extending from the opening into the 
vagina to the point of separation of the two cornua. This part, 
except in those mammals in which the uteri are quite separate 

Text-fig. 232. 

Clitoris and prepuce, seen from the side. 

and open by distinct ora into the vagina, is normally :L single or 
partly divided chamber opening below by a single 0s into the 
vagina and branching above into the two cornua. This, however, 
was not the condition found by Professor Cleland in  his Walrus. 
On the contrary bhe cervix uteri was divided throughout its 
length into two distinct channels, lying side by side, separated 
by a thick median partition and opening into the vagina by 
separate ora situated upon a single swollen eminence. Distally 
each uterine chamber passed without interruption, except for a 
slight kinking of its rug=, into the cornu of the same side. This 
exact condition is so seldom met with in mammals, although it 
occurs occasionally as a rare anomaly in man, that  Prof. Cleland 
was doubtful whether he might not possibly have chanced upon 
an abnormal individual. This, however, seemed less likely, as he 
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found in Otavia and Phoca signs of a siniilar though less perfect 
subdivision of the cervix uteri. Nevertheless i t  seenied to him 
highly desirable that this point should be confirmed whenever 
the opportunity should arise. 

The specimen now examined fully confirms Prof. Cleland's 
observation, so closely that any description of the uteri beyond 
the above abstract from his paper is unnecessary. 

Text-fig. 233. 

The ovary atid ovarian sac of Walrus, seen from the dorsal aspect, with the 
sac cut open. 

P. Bundle of finibria, running forward from the lower edge of the Fallopian 
tube, F.T. 0. Ovary. S .  Wall of ovarian sac. S.O. Opening of ovarian SRC 

into body-cavity. 

Complete duplicity of the uterus combined with complete 
superficial fusion of the lower ends is recorded in some of the 
larger Bats*, but 1 have not found a record of it elsewhere and 
there is no example showing such a condition in  the large series 
preserved in the Museum t, although several Rodents with com- 
pletely separate uteri suggest it. The next stage, in which the 
lower part of the uteri are completely fused to form a '' body '. 
separated more or less in its upper parts by a septum, but opening 
by a single os, is extremely common and naturally leads to the 
single chamber of the Primates. 

This specimen also agrees with Prof. Cleland's in the large 
size of the urogenital sinus (6 cm. in length) and in its separation 
from the vagina by a strong hymeneal fold projecting from its 

* Robin, Ann. Sci. Nat. ser. 6, t. xii. p. 137. 
t R. Coll. Surgeons. 

U. Horn of the uterus. 
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dorsal wall. The clitoris also is of great size, forming a large 
twisted prominence upon the ventral surface of the urogenital 
sinus ant1 termiiiating in it swollen tritic\ glaiis that  projects freely 
from the upper part of a deep preputinl recess (text-fig. 232, 

The ovary, like that of the Seal and Sea-Liou, lies in a 
vohiniinous ovarian sac which cominunimtes with the body-cavity 
by a srriall :Iperture upon the dorsal aspect opposite the uterine 
extreiriity of the ovary (text-fig. 233). ‘L‘he Fdlopian tube is 
short and, so far as could be seen, stmight, and opens into the 
ovarian sac by a crescentic aperture situated upon the roof of the 
ovariaii sac just to t,he anterior side of its opening into the body- 
cavity. From t,he posterior lip of the Fallopian funnel a series 
of parallel ridges (fimbriz) pass forward along the roof of the 
ovarian sac close to the line of attachment of the ovary. In the 
small size of the opening of the ovarian sac the Walrus more 
nearly resembles Otariu than I’hoca. 

p. 735). 

Z’he bile and pancreatic di~cts .  
Murie in his description of tlie bile duct and alimenta.ry canal 

(1. c. p. 429) describes a curious and very extensive (5a in. long) 
dilatation of the common bile duct within tlie walls of the 
intestine between its point of contact with the gut wall and its 

Text-fig. 234. 

Bile and pancreatic ducts and their mode of entry into the iiitestiiinl 
cul-de-sac. 

B.D. Rile dnct. C. Fold encircling the papilla by which I.C., the iutestiiid cul- 
de-sac, opens into the cavity of lhe intebtiiie, 1. P.Y. l’aiicrcatic duct. 

communication with the intestinal cavity. The preparation made 
from this present individual in most respects fully bears out 
Mnrie’s description, but to it should be added the mode of entry 
of the pancreatic duc t ;  r~nd  I wish also, upon the suggestion 
of Prof. Keith, to put forward another interpretation of the 
nature of the dilatation of the bile duct within the intestinal 
wall. 

The bile duct enters the intestine at a very acute angle close to 
the beginning of the duodenum. After running for 3 cm. without 
change within the substance of the wall, it opens suddenly by 
a well-defined circular aperture through the side wall of the  
elongated chamber described by Murie as the terminal part of 
the duct. This is not quite the same thing as c c  enlarging into 

PROC. ZOOL. SOC.-1909 ,  N O .  L. 50 
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a capacious clurt.” ’l’lie pancreatic duct enters tlie iiitwtinal wall 
q>on its conr:ive aspect 1 cni. h 1 O W  the bile duct;  i t  passes, 
within the substaiice of the wall, tliagonally downwards towards 
the convex bortler of tlie gut superficial to the bile duct and opens 
into the elongritetl chamber upon a prominent pipilla, just t o  the 
colic side of the openiiig of tlie bile duct. 

The relative size of tlie elongated chamber aiid its coarse 
structure aiicl :ippearnnce agree i n  every respect w i t h  Murie‘c; 
descriptioii. It limy be ineiitioiietl, howtver, that the papilla 
on wliicli it opeiis is circmnv:illal,e, b i n g  surrounded by a sharp 
circular fold of mucous rneiiibraiie. 

Sections through tlie bile duct, elonpited cli:tuiber, and intestine 
show that in niiiiiite structure the elo~igitecl c1i:nnber reEernbles 
the intestine rather tliiiii the Iile duct ; and tliere is little doubt, 
both on this grouiid :tiid from the uiotle of entry into i t  of both 
t h e  bile and pancreatic ducts, that this clianiber is really a diver- 
ticduni of tlie intestine and riot a dilated part of the bile duct. 

The Sea-Lion, from Murie’s clescription and figure*, lias a 
aiinilnr intra-iiinral bile recephcle; but 1 do not know of its 
occurrence elsewhere except in tile Chelonia, especially Benuo- 
chdya, :md, as I a m  told by Mr. Bedtlard, in the Edentztte 
Myrmecophuyu. 

l ’ h e  stonacwh. 

Tlie curious U -sli~il~e(l superficial a l~pe t t~~ i i ce  of the stoniach 
h t~s  been nlreatly fully descrilwcl, bnt :tt presaiit tliere is no 
record of the histologicnl structure. 

Sections taken at three points, (1) close to the entry of the 
cusophngus, ( 3 )  i n  the niicldle of the U-shi1ped curve, (3) an inch 
from the pylonis, sliow that the histological structure agrees 
fairly well with tliat of the stoninch of Otariut. l n  localities 
1 & 2 the submucosa WILY occupied by a iiuniber of peptic glands 
:trmiiged in bundles separated froin neighbouring bundles by 
connective tissue. I n  locality 1 tlie glnntls were only slightly 
inore tlian lialf :LS long :IS in locality 2, but h id  very iiiuch the 
milie structure, the ptrietal cells being very iiuinerous in both. 
I n  locality 2 tlie deep ends of the gland tubes were inclined to 
be contorted. I n  locality 3 the glands were pyloric, and were 
large and niucli contorted, inore so apparently than in either the 
Sea-Lion or the Seal. Tlieir teriiiinal pnrts formed a series of 
large lobules in the deeper parts of tlie submucorn, separated from 
each otheio by coiiiiective tissue, but near enough to one another 
to coiistitute an approxiniately continuous layer. 

* MnriP, Trans. 2001. Yoc. vol. viii. p. 666. 
t l’illiot, C. It. Yoc. I3iol. ser. 10, t. i. 1894, p. 743. 


